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UNITED  STATES  IRRIGATION  SURVEY. 


ABSTRACT  OF  SECOND  ANNUAL  REPORT,  1889-1890. 

The  work  of  the  United  States  Irrigation  Survey  during  the  second  year  has  been 
carried  on  under  the  appropriation  of  $250,000  made  March  2,  1889,  by  the  force 
organized  and  equipped  during  the  previous  year.  This  is  pursuant  to  the  purposes 
outlined  in  the  iirst  annual  report,  which  explains  the  origin,  purpose,  and  plan  of 
the  Survey,  publishes  the  instructions  to  the  chiefs  of  the  larger  divisions,  and  gives 
the  report  of  the  topographic  division  to  the  end  of  the  first  fiscal  year,  and  the 
reports  of  the  hydrographic  and  engineering  divisions  during  the  greater  part  of 
the  calendar  year  1889. 

This  second  annual  report  contains  in  condensed  form  the  results  of  the  work  of 
the  divisions  of  hydrography  and  engineering  up  to  June  30,  1890.  It  is  followed 
by  the  detailed  statement  before  the  Committee  on  Irrigation  of  the  House  of  Rep¬ 
resentatives,  which  comprises  a  general  discussion  of  the  problems  of  irrigation  in 
the  arid  lands  of  the  United  States,  the  work  of  the  Irrigation  Survey,  and  a  rdsurnd 
of  the  larger  aspects  of  the  problem,  as  well  as  other  facts  of  general  interest.  This 
is  followed  by  the  report  of  the  topographic  branch  of  the  Irrigation  Survey  and 
the  abstract  of  disbursements,  showing  that  $239,318.24  had  been  expended  during 
the  fiscal  year. 

In  the  developments  of  the  work  of  this  Survey  no  essential  alteration  has  been 
made  in  previous  plans,  and  the  personnel  of  the  field  and  office  force  has  remained 
practically  unchanged,  the  topographic  work  being  under  Prof.  A.  H.  Thompson, 
and  the  hydrographic  and  engineering  branches  under  Capt.  C.  E.  Dutton.  Work 
in  all  three  divisions  was  rapidly  pushed  forward  through  the  summer  and  fall  of 
1889  and  the  spring  of  1890,  being  in  full  operation  at  the  end  of  the  fiscal  year. 
The  wisdom  of  thus  apportioning  the  work  of  the  Irrigation  Survey  has  been 
demonstrated  by  the  outcome,  as  investigations  have  been  pushed  forward  more 
rapidly,  and  with  larger  results  than  could  otherwise  have  been  obtained. 

%  The  topographic  survey  has  been  carried  on  in  a  manner  similar  to  that  in  w  hich 
all  such  work  has  been  conducted  by  the  United  States  Geological  Survey,  so  that 
the  maps  finally  obtained  are  uniform  in  general  character  and  appearance  with 
those  previously  made,  thus  rendering  them  available  for  all  the  varied  needs  of 
scientific  and  engineering  investigations,  as  well  as  for  the  irrigation  examination 
proper.  These  maps  not  only  show  the  lands  of  the  arid  region  and  the  relative 
location  of  water  supply  and  of  tracts  suitable  for  agriculture,  but,  by  the  well- 
known  system  of  contours,  they  also  exhibit  the  details  of  elevation  and  general 
slope  of  the  ground.  Thus  with  these  maps  it  is  possible  to  delineate  with  great 
exactness  all  of  the  facts  essential  to  comprehensive  irrigation  schemes,  and  also  to 
obtain  with  accuracy  the  area  of  catchment  of  every  stream  above  any  given  p  oint, 
as  that  of  a  reservoir  site  or  a  diverting  dam..  In  short,  these  maps  form  a  basis  for 
the  intelligent  discussion  of  the  whole  problem  of  irrigation  development. 
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As  shown  by  the  report  of  Prof.  A.  H.  Thompson,  the  surveys  for  topographic  maps 
have  been  made  for  publication  on  a  scale  of  one  inch  to  one  mile  in  California,  Col¬ 
orado,  Idaho,  Montana,  New  Mexico,  and  Nevada,  a  total  area  of  20,850  square  miles 
having  been  surveyed  during  the  fiscal  year.  The  contour  interval  of  these  maps  has 
varied  from  25  to  100  feet,  depending  upon  the  nature  of  the  ground;  that  is  to  say, 
each  increase  in  elevation  of  25,  50,  or  100  feet  has  been  noted  upon  the  maps  in  the 
conventional  method  by  horizontal  contours.  In  mountainous  regions,  where  the 
slopes  are  abrupt  and  the  land  surface  of  little  value  except  as  it  acts  as  a  catchment 
area,  the  100-foot  interval  is  sufficient  for  all  purposes,  but  on  the  lower  and  more 
level  grounds  a  smaller  distance  is  required. 

The  maps  of  the  topographic  branch  show  not  only  the  absolute  and  relative  alti¬ 
tude  and  slope  of  all  surfaces  and  the  position  of  streams,  but  also  the  correct  loca¬ 
tion  of  towns,  wagon  roads,  railroads,  and  the  larger  water  ditches.  They  furnish 
thus  the  information  demanded  by  the  irrigation  engineer  at  the  very  outset  of  his 
work  in  order  to  obtain  a  broad  comprehension  of  the  larger  problems  encountered 
by  him.  There  is  no  intention,  however,  of  making  these  general  maps  with  the 
great  elaboration  required  by  the  constructing  engineer,  since  the  cost  and  time  re¬ 
quired  would  be  prohibitory,  and  the  area  in  which  the  constructing  engineer  is 
particularly  interested  is  almost  insignificant  in  comparison  with  the  amount  cov¬ 
ered  by  any  one  of  the  topographic  sheets.  For  these  purposes  a  survey  of  a  far 
different  character,  covering  a  very  small  area  or  perhaps  a  long,  narrow  strip,  is 
required,  the  work  being  done  by  other  methods  and  with  a  different  class  of  in¬ 
struments. 

During  the  progress  of  the  topographic  work,  reports  were  made  from  time  to  time 
by  the  men  in  charge  of  parties,  giving  details  concerning  the  forests  within  these 
areas,  the  reservoir  sites,  and  the  irrigable  lands.  The  number  of  possible  reservoir 
sites  reported  within  the  surveyed  area  was  188,  these  being  within  the  drainage 
basins  of  the  following  rivers,  viz :  Walker,  Carson,  Truckee,  Mokelumne,  Ameri¬ 
can,  Yuba,  South  Platte,  Grand,  Arkansas  and  tributaries,  Snake,  Missouri,  and 
Rio  Grande.  Some  of  these  sites  will  doubtless  prove  of  benefit  in  the  develop¬ 
ment  of  irrigation,  but  an  examination  of  the  water  supply  of  each  locality  will  be 
necessary  before  the  value  of  each  site  can  be  determined  upon. 

The  hydrographic  investigations  of  the  Irrigation  Survey  have  at  the  end  of  the 
second  fiscal  year  begun  to  yield  results  of  great  value,  exhibiting  accurately  the 
water  resources  of  particular  portions  of  the  country  and  some  of  the  fluctuations 
to  which  these  are  subject.  The  year  1889,  however,  was  one  of  great  drought,  and 
the  results  of  the  measurements,  therefore,  indicate  what  may  be  expected  during 
maximum  aridity  and  show  perhaps  the  extreme  low-water  conditions  rather  than 
the  average  conditions,  a  knowledge  of  which  is  so  essential  in  plans  of  irrigation 
construction.  It  will  be  necessary  to  carry  on  work  of  this  character  for  several 
years  before  the  results  of  even  one  year  can  be  fully  appreciated. 

Measurements  and  computations  have  been  made  showing  the  amount  of  water 
flowing  in  certain  streams  in  the  upper  Missouri  and  Yellowstone  basins  in  Montana, 
in  the  South  Platte  and  Arkansas  basins  in  Colorado,  in  the  Rio  Grande  Basin  in 
Colorado,  New  Mexico,  and  Texas,  in  the  Gila  Basin  in  Arizona,  in  the  Truckee  and 
Carson  basins  in  California  and  Nevada,  and  in  the  Snake  River  Basin  in  Idaho  and 
Oregon.  The  results  of  all  this  work  are  shown  in  condensed  form  in  this  report, 
together  with  necessary  explanations  and  details  essential  to  the  utilization  of  the 
data.  The  measurements  of  flowing  water  were  made  by  field  parties  especially 
equipped  for  this  work,  and  moving  from  point  to  point  on  the  various  rivers  as  the 
necessities  of  the  case  demanded,  the  attempt  being  made  to  measure  certain  of  the 
more  important  streams  at  various  stages  from  low  to  high  water.  In  addition  to 
the  main  work  of  measuring  the  streapis,  investigations  were  conducted  in  order  to 
determine  the  evaporation  from  water  surfaces  and  the  rainfall  in  certain  areas,  also 
the  amount  of  sediment  carried  by  running  water,  as  well  as  certain  other  data  re¬ 
quired  by  engineers  in  preliminary  estimates  of  irrigation  systems. 
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The  results  obtained  by  the  topographic  and  hydrographic  divisions,  besides  being 
of  general  utility  in  the  investigation  of  the  extent  to  which  the  arid  land  can  be 
redeemed  by  irrigation,  have  a  direct  practical  application  in  the  work  of  the  third 
division  of  the  Irrigation  Survey,  that  of  engineering  proper.  The  officers  of  this 
division,  knowing  the  character  of  the  country  as  delineated  by  good  topographic 
maps  and  possessing  a  general  knowledge  of  the  water  supply,  such  as  is  being 
obtained  by  the  hydrographic  work,  have  made  detailed  examinations  in  certain 
chosen  localities  in  order  to  determine  the  feasibility  of  certain  large  irrigation 
schemes,  and  to  estimate  the  benefits  to  be  derived  by  the  construction  of  suitable 
works. 

While  the  results  of  the  work  of  the  topographic  and  hydrographic  divisions  set¬ 
tle  many  questions  of  general  detail,  such  as  the  extent  and  location  of  lands  to  be 
irrigated  and  their  position  and  altitude  relative  to  water,  as  well  as  the  character 
of  the  supply  available,  yet  there  must  always  remain  the  momentous  question 
whether  the  possible  irrigation  enterprises  are  practicable  and  profitable  to  the  par¬ 
ties  concerned.  The  general  information  obtained  by  these  comprehensive  investi¬ 
gations  shows  usually  a  larger  area  of  land  than  can  be  irrigated  by  the  available 
water  supply,  and  also  a  number  of  possible  reservoir  sites  and  localities  where 
canals  can  be  diverted  from  streams ;  and  it  remains  for  an  engineering  survey  to 
determine  which  one  of  the  many  possible  localities  and  ways  of  diverting  water  is 
best,  and  whether,  taking  all  facts  into  consideration,  it  can  be  made  of  sufficient 
benefit  to  induce  capital  or  associated  labor  to  construct  the  works. 

Engineering  surveys  were  carried  on  in  Montana,  principally  along  the  Sun  River; 
in  Colorado  on  the  head  waters  of  the  Arkansas,  and  in  Kansas  farther  down  the 
river;  on  the  Rio  Grande  principally  in  the  viciuity  of  El  Paso;  in  California 
around  Clear  Lake  and  in  the  Sierra  Nevadas;  in  Nevada  on  the  Truckee  and  Car- 
son  rivers;  in  Utah  around  Utah  Lake,  and  in  Idaho  on  the  lava  plains  adjoining 
the  Snake  River. 

In  Montana  ten  reservoirs  were  carefully  surveyed,  and  also  three  canal  lines  load¬ 
ing  from  the  Sun  River  to  these  reservoirs  and  to  the  lands  to  be  irrigated;  esti¬ 
mates  have  also  been  made  showing  that  235,600  acres  could  bo  reclaimed  by  such 
works  at  a  cost  varying  with  the  method  of  construction,  but  at  its  maximum  not 
prohibitory. 

On  the  headwaters  of  the  Arkansas  eight  reservoir  sites  were  surveyed  and  esti¬ 
mates  of  cost  prepared.  Especial  attention  was  given  to  the  Twin  Lake  site,  and 
detailed  plans  were  prepared  for  storage  works  necessary  to  impound  103,500  acre- 
feet  of  water.  This  amount  could  be  increased  to  121,800  acre-feet  by  lowering  the 
outlet  of  the  lakes.  These  lakes  belong  to  the  United  States,  and  it  has  been  shown 
that  by  a  comparatively  small  expenditure  this  enormous  volume  of  water  can  be 
held  for  use  upon  the  lower  lands.  The  preliminary  survey  of  a  canal  line  begun  at 
a  point  about  ten  miles  west  of  the  Kansas-Colorado  boundary  demonstrated  the  pos¬ 
sibility  of  irrigating  land  north  and  northeast  of  Syracuse,  Kansas,  whenever  the 
necessary  water  can  be  obtained  by  the  construction  of  such  storage  works. 

The  surveys  in  the  Rio  Grande  division  in  the  vicinity  of  El  Paso,  Texas,  showed 
that  a  suitable  dam  could  be  constructed  to  hold  within  the  reservoir  thus  created 
537,000  acre-feet,  of  which  at  least  200,000  acre-feet  per  year  could  be  utilized,  the 
first  cost  being  not  over  $5  per  acre-foot  of  water  available.  Other  reservoirs  of 
less  capacity  were  discovered  and  partially  examined.  These  will  hold  at  least 
2,000,000  acre-feet  of  water  even  after  rejecting  those  of  doubtful  value. 

The  survey  of  Clear  Lake  in  California  showed  that  the  contents  of  the  lake  be¬ 
tween  a  point  10  feet  below  mean  low  water  and  10  feet  above  are  820,600  acre-feet, 
of  which,  however,  nearly  one-fourth  is  liable  to  be  lost  by  evaporation,  even  if  the 
full  amount  of  water  should  be  obtained.  Offher  reservoir  sites  were  surveyed  upon 
the  headwaters  of  the  streams  flowing  from  the  Sierra  Nevadas,  seven  surveys  being 
completed,  as  well  as  four  instrumental  reconnaissances,  and  thirteen  localities  were 
examined  and  recommended  for  survey,  together  with  thirty  localities  which  were 
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recommended  for  definite  examination.  These  seven  surveyed  reservoirs  have 
capacities  respectively  of  from  2,000  to  over  45,000  acre-feet,  aggregating  173,280 
acre-feet. 

The  work  of  the  Survey  in  what  was  known  as  the  Lahontan  division,  comprising 
mainly  the  streams  flowing  from  California  into  Nevada,  consisted  of  surveys  of 
outlets  of  Lake  Tahoe  and  of  storage  sites  and  irrigation  canals  along  the  Truckee 
and  Carson  rivers  to  irri  gate  the  vast  areas  of  desert  land  in  the  broad  valleys  of 
Nevada.  The  most  notable  of  these  is  the  Donner  Lake  site,  whose  storage  capacity 
for  a  space  of  20  feet  above  the  present  water  surface  is  approximately  22,205  acre- 
feet.  This  can  he  increased  to  42,827  acre-feet  by  placing  a  dam  in  such  a  position 
as  to  close  the  outlet  of  Donner  and  Cold  Creek  valleys.  Independence  Lake  has 
been  found  to  have  a  storage  capacity  of  23,707  acre-feet  within  the  space  between 
its  present  water  surface  and  a  plain  25  feet  above  it.  Weber  Lake  can  be  made  to 
hold  11,152  acre- feet  more  than  its  present  capacity  by  a  dam  raising  the  water  to  a 
height  of  20  feet.  Other  reservoir  sites  on  the  Truckee  and  also  in  Long  Valley  and 
Hope  Valley  on  the  Carson  were  examined,  together  with  the  necessary  canal  lines 
for  delivering  the  water. 

In  the  Snake  River  division  surveys  were  made  demonstrating  the  practicability 
of  diverting  the  waters  of  Snake  River  upon  the  lava  plains  upon  both  sides  of  that 
stream,  and  reconnaissance  showed  that  the  amount  of  water  available  could  be 
enormously  increased  by  utilization  of  reservoir  sites  upon  the  head  waters.  The 
Swan  Valley  site,  for  example,  is  estimated  to  have  a  storage  capacity  of  1,500,000 
acre-feet,  and  at  Jackson’s  Lake  500,000  acre-feet  could  be  held.  The  careful  survey 
for  a  canal  line  leading  from  the  Snake  River  in  the  vicinity  of  Eagle  Rock  or  Idaho 
Falls  showed  that  the  canal  if  constructed  would  command  216,400  acres  of  arable 
land,  all  of  it  having  an  excellent  soil.  A  line  starting  in  the  same  locality  and 
running  out  upon  the  lava  fields  to  the  north  of  the  Snake  River  would  cover  at 
least  600,000  acres  at  small  cost,  depending  upon  the  character  of  the  work.  Other 
surveys  showed  that  canals  lower  down,  while  apparently  possible,  were  in  reality 
not  practicable  on  account  of  the  expense  involved. 
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HYDROGRAPHY. 

SCOPE  OF  WORK. 

Any  discussion  of  the  extent  to  which  the  lands  of  the  arid 
region  can  be  redeemed  by  irrigation,  or  of  the  engineering 
problems  involved,  requires  a  comprehensive  knowledge  of 
the  distribution  of  water  in  each  catchment  basin  and  the 
amount  available  at  various  points  in  that  basin.  As  this 
amount  is  never  the  same  from  day  to  day  and  varies  greatly 
from  year  to  year,  it  becomes  necessary  to  continue  investiga¬ 
tions  through  a  series  of  years,  and  from  these  obtain  certain 
averages  and  extremes  concerning  flood  and  drought.  The 
longer  the  measurements  are  continued  the  more  valuable  the 
results  become — the  more  nearly  do  they  represent  the  actual 
range  of  conditions,  and  hence  the  greater  the  reliance  that 
can  be  placed  upon  them  in  making  predictions  for  the  future. 

The  water  supply  and  the  amount  available  at  any  one 
point  are  resultants  of  many  and  varied  forces,  most  of  which 
are  beyond  the  control  of  man.  In  each  drainage  basin  the 
relative  effect  of  these  differs  in  some  greater  or  less  degree, 
so  that  the  results  of  investigations  made  in  one  locality  apply 
only  in  a  modified  degree  to  any  other  place. 

In  the  general  subject  of  water  control  the  great  mass  of 
information  collected  by  other  investigators  relates  mainly  to 
localities  far  removed,  both  geographically  and  climatically, 
from  the  arid  region,  to  lands  where  the  object  is  oftener  the 
disposal  of  excess  of  water  than  the  conservation  of  a  defi¬ 
ll  geol.,  pt.  2 - 1  1 
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cient  supply.  Thus  it  happens  that  in  this  broad  inquiry  a 
somewhat  new  path  must  be  chosen,  and,  in  a  great  degree, 
new  methods  of  research  devised. 

In  such  an  investigation  it  is  not  sufficient  merely  to  meas¬ 
ure  the  amount  of  water  actually  flowing  at  a  certain  point  in 
a  stream,  and  thus  obtain  long  series  of  figures  giving  the 
amount  which  has  been  available ;  it  is  essential  that  beyond 
this  a  careful  study  be  made  of  the  effects  of  changing  con¬ 
ditions,  both  natural  and  artificial,  tending  to  modify  the 
amount  of  available  water ;  for  a  knowledge  of  the  future 
supply  must  be  based  on  estimates  as  to  the  degree  in  which 
these  conditions  may  vary  from  year  to  year. 

The  facts  of  first  importance  to  be  ascertained,  after  the 
establishment  of  stream  measurements,  are  the  rainfall,  the 
amount  lost  by  evaporation,  and  the  amount  now  diverted  by 
artificial  channels.  Each  of  these  subjects  in  turn  embraces 
a  wide  field  of  research. 

UNITS  OF  MEASUREMENT. 

Broadly  speaking,  there  have  been  in  this  country  two 
classes  of  investigation  of  water  supply  and  distribution ; 
that  made  by  the  engineer  officers  of  the  Army  under  the 
river  and  harbor  appropriations,  for  the  purpose  usually  of 
improving  navigation,  and  those  made  by  many  civil  engineers 
at  different  times  and  places  for  municipal  supply  and  water 
power.  In  point  of  quantities  of  water,  this  Survey  stands 
intermediate  between  those  two.  The  volumes  measured  and 
discussed  are  far  less  than  those  required  for  navigation,  but 
are  usually  much  greater  than  those  used  in  city  waterworks 
and  in  powers. 

To  illustrate  :  The  discharge  for  the  Missouri  ranges  from 
25,000  to  400,000  second-feet ;  for  the  Ohio,  from  60,000  to 
1,200,000  second-feet;  the  Savannah  River  at  Augusta,  Ga., 
discharges  in  extreme  low  water  2,500  second-feet,  at  ordinary 
low  water  5,000  second-feet,  and  in  greatest  freshets  300,000 
second-feet1  from  a  drainage  area  of  about  7,500  square  miles. 

'Fifty-first  Cong.,  1st  sess.,  House  Ex.  Doc.,  No.  213  ;  survey  of  Savannah  River 
above  Augusta,  Lieut.  O.  M.  Carter,  Washington,  1890,  p.  31. 
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On  the  other  hand,  the  Rio  Grande  in  upper  New  Mexico, 
where  largest,  carries  in  low  water  from  300  to  400  second- 
feet,  and  in  flood  seldom  exceeding  10,000  ;  and  the  Bear  River 
in  Utah  has  about  the  same  range.  In  short,  in  the  case  of  a 
stream  under  investigation  for  irrigation  purposes,  wre  speak  of 
hundreds  or  thousands  of  second-feet,  while  in  estimates  on 
rivers  wholly  or  partially  navigable,  tens  and  hundreds  of 
thousands  are  the  units  in  use. 

Again,  in  considering  municipal  water  supply,  the  quantities 
discussed  are  so  much  smaller  that  they  can  be  conveniently 
expressed  in  gallons.  A  hundred  gallons  a  day  per  inhabitant 
is  a  common  estimate  of  the  water  used  in  an  American  city. 
On  this  basis  a  stream  of  5  second-feet  would  supply  a  town 
of  over  30,000  inhabitants.  This  same  stream,  which  could 
be  conducted  in  a  very  small  ditch,  would  irrigate,  as  water  is 
used  in  Colorado  and  Utah,  from  350  to  500  acres,  and  thus 
furnish  support  for  from  ten  to  fifteen  families.  Considering 
artesian  wells,  one  which  flows  2,000,000  gallons  per  day  is 
worthy  of  remark,  and  is  of  great  value  for  city  purposes  and 
often  for  power.  This  quantity  of  water  equals  U55  second- 
feet,  a  stream  which  would  be  entirely  lost  in  an  ordinary 
ditch  before  going  many  miles,  and  as  usually  employed 
would  irrigate  about  125  acres,  or  with  greater  care  250 
acres. 

There  are  two  units  in  general  use  by  this  Survey:  that  for 
flowing  water  is  the  cubic  foot  per  second,  or  “second-foot,” 
as  it  is  more  commonly  termed,  and  that  for  capacity,  the  acre- 
toot,  which  is  the  quantity  of  water  covering  an  acre  1  foot  in 
depth,  or  43,560  cubic  feet.  There  is  a  convenient  connection 
between  these  two  units:  1  second-foot  flowing  for  24  hours 
covers  an  acre  T983  feet  in  depth,  or  in  other  words,  with 
sufficient  accuracy  for  general  purposes,  1  second-foot  per  day 
equals  2  acre-feet. 

The  other  units  in  common  use  in  the  West  are  the  various 
miner’s  inches.  The  miner’s  inch  is  a  quantity  differently 
defined  in  the  mining  regions,  being  regulated  largely  by 
custom  or  agreement.  In  Colorado  the  miner’s  inch  has  been 
assumed  in  some  instances  to  be  45  cubic  inches  per  second, 
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equivalent  to  0026  second-foot,  or  1  second-foot  equals  38'4  of 
these  Colorado  miner’s  inches.1  In  California  the  miner’s 
inch  is  commonly  quoted  as  0-02  second-foot ;  1  second-foot 
equals  50  miner’s  inches.2  In  the  intermediate  States  and 
Territories  these  values  and  others  are  used,  so  that  any 
measurement  given  in  miner’s  inches  is  an  uncertain  factor. 

In  descriptions  of  town  and  city  water  supply  quantities 
are  usually  given  in  gallons  or  millions  of  gallons  for  reservoir 
capacity,  and  in  gallons  per  second  or  minute  for  flowing  water. 
For  hydrographic  discussion  or  irrigation  engineering  the 
figures  in  this  unit  run  up  into  unwieldy  length. 

For  expressing  the  total  discharge  of  a  river  the  cubic  mile 
per  year  has  been  found  to  be  convenient,  and  is  used  largely 
by  the  Signal  Service.  It  is  especially  convenient  in  ascer¬ 
taining  the  relation  of  run-off  to  drainage  areas,  as  these  latter 
are  estimated  in  square  miles,  and  to  obtain  the  average  depth 
of  run-off  over  a  given  area,  it  is  only  necessary  to  divide  the 
yearly  discharge  in  cubic  miles  by  the  area  in  square  miles. 
Other  units  which  have  been  used,  such  as  the  cubic  yard  or 
meter  per  minute  or  second,  require  no  comment,  as  they  do 
not  seem  to  be  very  generally  employed. 

The  following  brief  table  gives  these  facts  in  convenient 
form.  It  should  lie  remarked  that  a  day  in  all  these  measure¬ 
ments  means  24  hours. 

1  second-foot  equals  50  California  miner’s  inches. 

1  second-foot  equals  38 -4  Colorado  miner’s  inches. 

1  second-foot  equals  7*48  United  States  gallons  per  second. 

1  second-foot  equals  6 ‘23  British  imperial  gallons  per  second. 

1  second-foot  for  one  day  equals  2  acre-feet. 

1  second-foot  for  one  day  equals  646,272  United  States  gallons. 

1  second-foot  for  one  year  equals  ‘000214  cubic  mile. 

1  second-foot  for  one  year  covers  1  square  mile  1*131  feet  deep. 

1  cubic  foot  of  water  weighs  62 -4  pounds. 

100  California  miner’s  inches  equal  2  second-feet. 

100  California  miner’s  inches  equal  15  United  States  gallons  per  second. 

100  California  miner’s  inches  equal  77  Colorado  miner’s  inches. 

100  California  miner’s  inches  for  one  day  equal  4  acre-feet. 

100  Colorado  miner’s  inches  equal  2 ‘60  second-feet. 

100  Colorado  miner’s  inches  equal  19 ’5  United  States  gallons  per  second. 

100  Colorado  miner’s  inches  equal  130  California  miner’s  inches. 

1  Report  of  the  State  engineer  to  the  governor  of  Colorado  for  1883  and  1884,  p.  60. 

2 Irrigation  in  California,  Wm.  Ham.  Hall,  1888,  p.  27. 
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100  Colorado  miner’s  inches  for  one  day  equal  5  -2  acre-feet. 

100  United  States  gallons  per  minute  equal  0-223  second-feet. 

100  United  States  gallons  per  minute  ror  one  day  equal  0-44  acre-feet. 
1,000,000  United  States  gallons  per  day  equal  l-55  second-feet. 


STREAM  MEASUREMENTS. 

The  methods  of  stream  measurement  by  which  the  results 
shortly  to  be  discussed  have  been  obtained  are  described  in 
the  previous  report1  and  in  so  many  other  publications  relating 
to  hydrography  that  it  will  be  sufficient  here  to  give  some  of 
the  practical  details  and  results  of  the  experience  of  the  last 
year,  omitting  general  description. 

Ot  the  tour  general  methods  of  measurement,  the  one  used 
almost  exclusively  by  this  Survey  is  that  by  current  meters. 
Floats  have  been  used  to  a  limited  extent  to  obtain  the  approxi¬ 
mate  discharge  at  times  or  under  circumstances  when  meters 
were  disabled  or  not  at  hand.  Weir  measurements  have  been 
made  in  a  few  cases  to  obtain  the  discharge  in  ditches.  In 
studying  the  duty  of  water  it  is  necessary  that  the  measure¬ 
ments  of  small  quantities  be  made  with  a  greater  degree  of 
exactness  than  is  possible  with  a  current  meter.  A  small  weir 
can  usually  be  placed  in  an  irrigating  ditch,  at  slight  expense, 
providing  there  is  sufficient  fall,  and  if  correctly  proportioned 
and  the  well  known  Francis  formula2  be  used  tvill  give  the 
flow  with  great  precision.  The  use  of  the  knife-edged  weir  is 
rapidly  extending  in  the  West,  the  accuracy  of  the  measure¬ 
ments  offsetting  the  inconvenience  or  care  required. 

Discharge  results  obtained  by  calculations  based  upon  the 
slope,  area  of  cross  section,  and  depth  of  the  stream  have  not 
met  with  favor  or  confidence.  One  great  difficulty  is  in  deter¬ 
mining  the  exact  slope,  or,  rather,  for  what  length  the  slope 
shall  be  measured ;  and  after  all  the  measurements  have  been 
made  with  great  accuracy  the  result  depends  largely  upon  an 
assumed  factor  of  roughness  of  the  bed,  which  factor  is  with 
many  engineers  a  mere  guess. 


1  Tenth  Ann.  Report,  U.  S.  Geol.  Surv. ,  Part  2,  Irrigation,  p.  79. 

2  Lowell  Hydraulic  Experiments,  by  J.  B.  Francis. 
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CURRENT  METERS. 

For  the  diversified  needs  of  this  Survey,  it  has  been  found 
convenient  to  have  two  types  of  current  meters  ;  these  are 
the  direct  recording,  in  which  the  number  of  revolutions  is  in¬ 
dicated  on  a  series  of  small  gear  wheels  driven  directly  by  the 
cupped  or  vaned  wheel  of  the  meter,  and  the  electric  meter, 
in  which  the  counting  is  done  by  means  of  a  simple  make-and- 
break  circuit,  the  registering  or  “reporting”  being  made  at 
any  desired  distance  from  the  meter. 

For  shallow,  quiet  streams,  where  the  gauger  can  work  com¬ 
fortably  from  bridge  or  boat,  the  direct  recording  meter  is  pre¬ 
ferred,  as  it  is  very  light,  simple,-  and  compact.  It  is  mounted 
on  a  rod,  and  the  gauger,  holding  it  in  the  water  at  the  desired 
points,  allows  it  to  register  foxy  a  certain  number  of  seconds, 
draws  it  up,  and  reads  the  result  on  the  dials.  The  instrument 
can  be  quickly  unpacked,  there  are  no  annoying  electric  wires, 
batteries,  or  connections,  and  it  can  be  carried  with  ease. 

In  deep  and  torrential  rivers,  however,  the  current  is  usually 
too  strong  for  a  man  to  hold  the  meter  or  lower  it  to  the  bottom; 
much  time  is  consumed  in  raising  the  instrument  to  read  the 
dials,  and  there  is  uncertainty  as  to  how  the  meter  is  behaving, 
especially  in  turbid  waters.  Moreover,  in  floods  it  is  often  im¬ 
possible  to  go  out  upon  the  stream,  and  in  these  cases  electric 
meters  become  a  necessity. 

The  direct  recording  meters  (see  Fig.  121)  are  modifications 
of  the  Colorado  meter,  recommended  by  the  State  Engineer1 
as  a  result  of  his  experience.  The  wheel  revolves  in  a  horizontal 
plane  and  consists  of  five  vanes  or  cups,  being  similar  in  prin¬ 
ciple  to  the  cup  anemometer.  This  form  of  wheel  is  probably 
the  invention  of  D.  Farrand  Henry  and  was  used  on  the  survey 
of  the  Detroit  River  about  1867  and  later  by  Gen.  Theodore  G. 
Ellis  on  the  survey  of  the  Connecticut  River.2  A  wheel  of  the 

1  Second  Biennial  Report  of  the  State  Engineer  to  the  Governor  of  Colorado,  1884, 
p.  49. 

■  Flow  of  water  in  rivers  and  canals,  by  D.  Farrand  Henry,  Detroit,  1873,  p.  4; 
also  Journal  Franklin  Institute,  vol.  62. 

Report  on  Survey  and  Examinations  of  the  Connecticut  River,  Appendix  B  14'. 
Ann.  Report  Chief  Engineers  U.  S.  Army,  1878,  p.  60.  Also,  Buff  &  Berger’s  cata¬ 
logue,  Boston,  1889,  p.  136. 
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same  type  is  used  on  the  Price  electric  meter.1  Both  the  Ellis 
and  Price  meters,  however,  are  used  with  an  electric  register, 
while  in  the  Colorado  type  of  meter  the  vertical  axis  of  the 
cupped  wheel  engages  directly  with  the  gear  dial  wheels,  which 
are  placed  above  and  in  the  rear  of  the  center  of  the  instru¬ 
ment.  In  the  original  form  of  the  Colorado  meter,  the  method 


Fig 


.  121.— The  Colorado  current  meter. 


of  stopping  and  starting  the  registering  wheels  is  by  throwing 
the  cupped  wheel  in  and  out  of  gear,  the  wheel  being  tilted 
forward  or  backward  through  a  very  small  angle,  moving  on 
the  lower  bearing  as  pivot.  A  small  spring  holds  the  wheel  out 
of  gear.  In  the  modified  form  of  later  make,  on  the  contrary, 

'Theory  and  Practice  of  Surveying,  Johnson,  1889,  p.  299,  or  Gurley's  catalogue, 
Troy,  N.  Y.,  p.  235. 
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the  registering  is  started  and  stopped  by  having  the  dial  wheels 
move  as  a  whole,  forward  and  backward,  to  engage  with  the 
pinion  of  the  cupped  wheel,  whose  axis  remains  vertical. 

The  meter  when  in  use  is  screwed  to  the  end  of  a  metal  rod, 
which  for  convenience  is  made  in  sections  of  3  feet  each.  A 
wire  or  cord  is  connected  to  the  lever  which  throws  the  dial 
wheels  in  or  out  of  gear.  On  being  placed  in  the  water,  the 
dials  being  read  previously,  the  wheel  is  allowed  to  revolve 
freely  for  a  few  moments  in  order  to  acquire  the  velocity  of  the 
water,  and  at  the  desired  instant  the  operator  jerks  the  cord, 
bringing  the  registering  wheels  into  gear.  At  the  end  of  the 
given  number  of  seconds,  the  cord  is  released  with  quick  motion 
and  the  dials  cease  to  revolve.  The  meter  is  then  taken  out  of 
the  water  and  the  new  reading  is  noted,  together  with  the  num¬ 
ber  of  seconds  during  which  the  revolutions  were  made. 

This  form  of  Avheel  is  very  convenient,  as  it  can  be  used  in 
shallow  channels,  close  to  the  bottom,  and  is  self-clearing  of 
grass  and  leaves.  In  swift  water  it  is  very  difficult  to  hold  the 
rod  so  that  it  will  be  perfectly  vertical,  the  force  of  the  water 
tending  to  pull  the  meter  down  stream,  and  unless  the  operator 
is  constantly  on  the  alert  his  wheel  will  at  times  be  inclined  to 
the  horizontal. 

Mr.  E.  E.  Haskell,  of  the  Coast  and  Geodetic  Survey,  has 
pointed  out  that  when  the  cupped  wheel  is  inclined  it  moves 
faster  than  when  held  perfectly  horizontal.  He  gives  the  fol¬ 
lowing  data  as  typical  of  the  results  of  a  large  number  of 
experiments. 


Angle  of  in¬ 
clination  of 
meter. 

Time  in  sec¬ 
onds  going 
300  feet. 

Number  of 
revolutions 
in  300  feet. 

Increase. 

Degrees. 

0 

128 

68 

12 

126 

79 

11 

0 

76 

70 

17 

76 

84 

14 

0 

111 

68 

17 

111 

82 

14 
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A  competent  man  will  of  course  never  allow  liis  meter  to 
drift  backward  12°  or  17°,  but  as  a  matter  of  fact  it  is  very 
difficult  for  the  ordinary  operator,  especially  when  tired  and 
working  in  deep,  swift  water,  to  keep  his  rod  plumb ;  quite 
often  it  is  inclined  at  an  angle  of  5°  or  even  more.  It  is  some¬ 
times  very  convenient  in  such  swift  waters  to  thrust  an  iron 
bar  firmly  into  the  bed  of  the  stream,  and  stay  the  meter  from 
this  by  means  of  a  short  piece  of  wire  and  an  iron  ring  run¬ 
ning  freely  up  and  down  on  the  bar. 

The  electric  meters  used  by  this  Survey  (see  Fig.  122)  are 
nearly  all  modifications  of  the  Haskell1  direction  current  meter, 
the  central  body  containing  the  compass  needle  being  omitted 


Fig.  122. — The  Haskell  current  meter. 


and  the  velocity  wheel  and  tail  screwed  into  a  convenient 
swivel  or  rod  support.  The  wheel  is  of  the  propeller  type, 
conical  in  longitudinal  projection,  thus  cleaning  itself  from 
leaves  and  grass.  The  flukes  are  given  a  strong  pitch,  and 
are  so  proportioned  as  to  cause  the  wheel  to  revolve  at  ordi¬ 
nary  velocities  once  for  about  a  foot  linear  movement  of  cur¬ 
rent. 

There  is  no  question  that  this  is  the  best  type  of  wheel 
yet  presented  for  a  current  meter.  It  projects  forward  so  that 
back  action  of  water  on  the  main  .metal  body  is  reduced  to  a 
minimum.  The  bearings  are  simple,  the  number  of  parts-  few, 
the  instrument  is  strong,  can  be  used  in  the  most  violent  tor¬ 
rents,  and  yet  is  sensitive  to  low  velocities.  Beyond  the  incon¬ 
venience  of  wires  and  batteries  common  to  all  electric  meters, 
the  Haskell  is  superior  to  any  form  yet  tried. 


'Theory  and  Practice  of  Surveying,  Johnson,  1889,  p.  315. 
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For  work  in  the  turbulent  streams  of  the  W  est  there  is 
grave  objection  to  the  helicoidal,  flat-faced  velocity  wheels, 
such  as  are  used  in  the  various  forms  of  Woltman  tachom¬ 
eter,1  as  floating  objects  are  apt  to  rest  against  the  wheel 
or  become  entangled  in  it,  destroying  the  observation.  The 
same  objection  also  applies  to  the  Fteley  meter,  in  which  the 
velocity  wheel,  instead  of  being  driven  in  advance  of  the  body 
of  the  meter,  is  set  in  a  heavy  metal  frame.  Attempts  have 
been  made  to  protect  this  wheel  by  wire  guards,  but  these 
only  increase  the  mischief  by  furnishing  new  resting  places  for 
leaves  or  twigs. 

The  Haskell  wheel  is  supported  on  a  long,  stout,  steel  pivot, 
in  size  a  little  larger  than  a  lead  pencil,  which  extends  into  the 
wheel  almost  to  the  extreme  point).  When  in  the  water  and 
in  motion  the  bearing  is  wholly  on  this  steel  point.  A  con¬ 
siderable  space  is  left  around  this  long  pin  to  be  filled  with  oil, 
so  that  there  is  little  if  any  friction  on  the  rear  of  the  wheel. 
The  electric  connections  are  in  the  brass  stem,  the  “make  and 
break”  being  done  by  a  small  pin  pressing  forward  against 
the  rear  of  the  wheel,  and  as  the  latter  revolves,  alternately 
pushing  against  brass  and  vulcanite  sections. 

An  electric  meter,  very  similar  in  general  principle  to  the 
above,  has  been  devised  by  Mr.  W  illiam  Ham.  Hall,  for  the 
State  Engineering  Department  of  California.  Several  instru¬ 
ments  of  this  type  were  loaned  to  the  U.  S.  Geological  Survey 
for  use  in  Colorado  and  Nevada.  Like  the  Haskell  meter,  the 
wheel  projects  forward,  but  instead  of  four  flukes  it  has  two, 
one  on  each  side  of  the  central  axis.  The  “make  and  break” 
is  made  by  pressure  of  a  pin  against  the  side  of  the  longitu¬ 
dinal  shaft,  which,  instead  of  being  rigidly  fastened,  as  in  the 
Haskell  meter,  is  attached  to  the  wheel  and  revolves  with  it. 
This  pin  alternately  presses  against  the  steel  shaft  and  a  bit  of 
agate  which  is  let  into  one  side  of  the  shaft.  These  meters 
have  done  good  service,  although  they  are  not  strong,  and  are 
more  easily  disabled  than  the  Haskell  meter,  and  the  method 
of  interrupting  the  electric  current  is  open  to  more  objections. 

■Survey  of  Conn.  River,  Ann.  Rep.  Chief  Eng.  U.  S.  A.,  1878.  Appendix  B,  pt. 
1,  p.  307. 

2  Best  figured  in  Buff  &  Berger's  Catalogue,  Boston,  1884,  p.  1837. 
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RATING  THE  METER.1 

Each  meter,  before  results  can  lie  obtained,  must  be  rated, 
that  is,  the  relation  which  exists  between  the  speed  of  the 
wheel  and  the  velocity  of  the  water  must  be  ascertained ;  in 
other  words,  the  number  of  times  the  wheel  turns  for  a  given 
speed  of  the  stream  must  be  known.  In  the  use  of  a  current 
meter  the  operations  consist  merely  of  observations  of  the 
number  of  revolutions  of  the  velocity  wheel  in  a  given  time  in 
various  parts  ot  a  stream,  and  it  is  only  when  the  meter  ratine- 
is  known  that  the  amount  of  movement  in  these  different  places 
can  be  calculated. 

The  rating  is  usually  done  by  drawing  the  meter  through 
quiet  water  over  a  course  of  given  length,  and  noting  the  time. 
For  instance,  a  meter  was  run  through  still  water  very  slowly, 
going  100  feet  in  4  minutes  or  240  seconds;  and  the  dials 
showed  20  revolutions.  Then  the  meter  was  run  more  rapidly, 
covering  the  same  distance  in  1 00  seconds.  The  dials  did  not 
show  20  revolutions,  however,  but  an  increase  to  24,  and  again 
at  still  higher  speed — 100  feet  in  12  seconds — the  reading  gave 
25  3  revolutions.  In  general,  it  may  be  said  that  the  greater 
the  velocity  the  greater  the  number  of  revolutions  for  a  given 
distance.  This  is  due  to  the  friction  and  inertia  of  the  wheel; 
when  slowly  moved,  the  resistance  of  the  water  is  small  com¬ 
pared  to  the  friction  of  the  wheel,  but  as  the  water  encounters 
the  meter  with  greater  speed  and  force,  the  friction  is  less  im¬ 
portant  and  the  number  of  revolutions  increases,  the  ratio  of 
increase  not  being  constant. 

The  Survey  has,  through  the  kindness  of  the  officials  in 
charge  of  the  Denver  reservoir,  been  able  to  construct  there  a 
rating  station  to  which  all  meters  are  sent  before  use  and  at 
other  times  to  test  their  accuracy.  This  reservoir  is  very  con¬ 
veniently  arranged  for  the  purpose,  as  it  is  decked  or  floored 
over  to  exclude  the  sunlight.  A  narrow  slit  about  150  feet 
long  has  been  made  in  the  floor,  and  on  each  side  of  this  a 
light  track  is  laid.  A  little  car  runs  along  this  track,  and  is  so 
arranged  that  it  can  carry  the  meter  vertically  in  the  center  of 


1  See  Johnson’s  Surveying,  p.  302, 
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the  opening1.  The  car  is  pulled,  forward  and  back  at  a  uniform 
speed  by  ropes  running  around  a  drum  driven  by  hand  power. 

A  course  of  100  feet  is  laid  off  with  sufficient  length  of  track 
at  either  end  to  start  the  car  at  the  speed  to  be  kept  up  over 
the  course.  As  the  meter  passes  into  the  measured  distance, 
the  register  and  stop-watch  are  automatically  started  and  con¬ 
tinue  until  the  meter  leaves  the  one-hundredth  foot,  when  both 
are  stopped  and  the  car  is  allowed  to  come  to  rest.  The  opera¬ 
tion  is  repeated,  at  first  as  slowly  as  possible  and  then  at 
greater  and  greater  velocities. 

From  the  observation  thus  made  the  rating  is  determined. 
This  is  done  either  by  analytic  or  (most  commonly  in  actual 
practice)  graphic  solution.  Both  ot  these  methods  are  fully 
described  in  books  previously  quoted.1  The  rigid  analytical 
method  is  susceptible  of  great  accuracy,  but  involves  consid¬ 
erable  time  as  well  as  skill  in  mathematics,  and  in  the  hands 
of  ordinary  stream  gaugers  may  easily  lead  to  gross  errors. 
The  graphic  solution  has  been  found  to  be  preferable  as  being 
simpler  and  quicker,  and  has  the  advantage  that  diagrams  have 
over  columns  of  figures,  namely,  that  all  the  results  appeal  to 
the  eye  and  discrepancies  stand  out  conspicuously. 

The  graphic  method  consists  in  plotting  on  cross-section  or 
coordinate  paper  each  observation,  using  the  revolution  per 
second  as  abscissa  and  the  speed  per  second  ol  the  same  obser¬ 
vation  as  an  ordinate.  In  this  way  a  series  of  points  is  obtained, 
and  through  these  a  straight  line,  or  one  slightly  curved,  can 
be  drawn,  giving  the  average  value  of  all  the  observations. 
From  the  position  of  the  line  thus  plotted  the  “  coefficient  of 
discharge  ”  can  be  read  off  corresponding  to  one,  two,  three,  or 
any  number  of  revolutions  per  second. 

When  in  actual  use  the  conditions  are,  ol  course,  reversed : 
the  meter  is  stationary  and  the  water  flows  past ;  the  revolu¬ 
tion  of  the  meter  being  then  observed,  the  corresponding 
velocity  of  water  is  at  once  known  from  the  values  as  obtained 
above.  From  what  has  just  been  written  it  is  evident  that  for 
each  rate  of  speed  of  meter  there  is  a  slightly  different  value  of 


1  See  particularly  Survey  of  Connecticut  River,  1878,  p.  60  ;  Johnson’s  Surveying, 
5th  ed.,  p.  803  ;  Merriman’s  Hydraulics,  p.  255  ;  Merriman’s  Least  Squares,  p.  130. 
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the  coefficient  of  discharge.  With  most  of  the  meters  it  has 
been  found  sufficiently  accurate  to  use  only  three  or  four  of 
these  values,  for  instance,  one  for  very  sluggish  water,  another 
for  an  average  of  about  4  feet  per  second,  and  a  third  for 
swift  currents. 

There  are  several  ways  in  which  the  meter  can  be  used  in 
determining  the  total  flow  of  the  stream,  depending  upon  the 
fact  that  the  velocity  of  the  water  varies  in  different  parts  of 
the  stream,  being  swiftest  as  a  general  thing  in  the  center  near 
the  surface.  It  a  river  flowed  as  a  solid  mass  it  would  be  a 
simple  matter  to  make  a  few  measurements  of  the  speed  of  any 
poition;  but  as  it  is,  the  speed  of  water  at  one  place  in  a  given 
cross-section  has  no  definite  relation  to  the  speed  in  another, 
and  many  separate  measurements  must  be  made  to  obtain  the 
flow  of  all  portions. 

In  wide,  deep  rivers  meter  measurements  are  made  at  a 
number  of  places  evenly  distributed  across  the  stream,  and  at 
each  of  these  places  observations  are  made  of  the  velocity  near 
the  surface,  near  the  bottom,  and  at  various  intermediate  points, 
say  5  to  10  feet  apart  in  a  vertical  line.  In  this  way  the 
velocity  is  obtained  at  a  large  number  of  points  symmetrically 
distributed  in  the  cross-section,  and  the  average  of  all  is  taken 
to  be  the  velocity  of  the  whole  river,  the  discharge  being  ob¬ 
tained  by  multiplying  the  total  area  of  cross-section  at  this 
point  by  this  average  velocity. 

In  shallow  streams,  however,  as  are  most  of  the  rivers  of  the 
arid  region,  the  work  can  be  shortened  by  what  is  called  inte¬ 
gration.  Instead  o±  using  the  meter  at  various  given  points  in 
a  vertical  line,  it  is  moved  at  a  very  slow,  uniform  speed,  down 
and  up,  from  top  to  bottom,  and  back  again,  to  obtain  an  aver¬ 
age  of  the  velocities  at  all  points  in  the  vertical.  In  this  case 
the  river  is  considered  as  being*  divided  into  a  number  of  inde¬ 
pendent  narrow  streams,  of  equal  width,  the  discharge  of  each 
being  obtained  by  multiplying  its  area  into  the  observed  aver¬ 
age  velocity  in  its  central  portion ;  and  then  by  adding*  these 
discharges  together  the  total  for  the  whole  river  is  found. 

With  a  little  practice  the  stream  gauger  can  raise  and  lower 
the  meter  at  a  constant  rate  in  any  given  number  of  seconds ; 
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say  with  water  5  feet  deep  starting  at  the  top  and  going  to  the 
bottom  in  20  seconds,  then  back  to  the  top  in  20  seconds  more, 
and  repeating  this  three  times,  taking  in  all  2  minutes. 

For  measuring  the  discharge  of  canals  or  small  streams  with 
nearly  level  bottom,  horizontal  or  diagonal  integration  has  been 
occasionally  used,  obtaining  at  once  an  average  for  the  whole 
flow.  The  meter  is  carried  slowly  from  side  to  side  horizon¬ 
tally,  or  is  moved  diagonally  from  the  top  on  one  side  down  on 
the  cross-section  at  an  angle  of  about  45  degrees,  then  up  at 
about  the  same  angle  to  the  top,  then  down,  continuing  in  this 
way  until  the  opposite  side  is  reached.  In  the  same  way  a 
return  trip  is  made  up  and  down,  crossing  the  path  of  the  first, 
the  meter  coming  out  at  the  top  each  time  over  the  spot  where 
before  it  reached  the  bottom,  and  vice  versa. 

RIVER  STATIONS. 

In  beginning  a  series  of  measurements  by  which  the  daily 
discharge  of  the  river  for  long  periods  is  to  be  calculated,  the 
first  requisite  is  a  good  locality  on  the  river,  adapted  by  both 
nature  and  convenience  of  access.  The  bed  and  banks  should 
be  permanent,  or  at  least  not  shifting  with  every  rise,  and  the 
current  of  moderate  velocity.  Such  places  are,  unfortunately, 
rare,  and  the  best  gauging  points  are  often  found  far  away  from 
roads  or  habitation.  In  such  cases  it  becomes  a  question  be¬ 
tween  relative  cost  of  maintaining  a  station  and  value  of  results. 
In  general,  concessions  must  be  made  in  accuracy  to  bring  the 
cost  of  results  within  the  sum  allotted. 

After  finding  several  places  at  which  fair  gauging  can  be 
made,  the  point  which  determines  the  final  location  is,  usually, 
one  at  which  a  trustworthy  resident  observer  can  be  found. 
This  is  really  the  most  difficult  and  vexatious  detail  of  the 
organization  of  hydrographic  work  in  the  West.  It  is  obvious 
that,  excepting  in  rare  instances,  no  survey  can  afford  to  em¬ 
ploy  a  man  to  watch  the  fluctuation  of  a  river,  or  to  attend  an 
automatic  register  or  udometer,  but  must  procure  the  services 
of  some  person  whose  occupation  compels  him  to  live  within 
accessible  distance  of  the  gauging  station,  and  who  will  keep 
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the  daily  records  for  a  small  sum.  The  compensation  paid 
ranges  from  $4  to  $10  per  month,  depending  upon  the  num¬ 
ber  of  observations  per  day  and  the  time  required  to  go  to  the 
station  and  return. 


EQUIPMENT  OF  STATION. 

The  rivers  gauged  up  to  the  present  time  have  seldom  ex¬ 
ceeded  500  feet  in  width,  and  have  generally  been  much  nar¬ 
rower,  and  thus  it  has  been  possible  in  all  cases  to  stretch  one 
or  more  wires  or  cables  over  the  stream  at  the  cross-section. 
The  equipment  of  the  station  varies  with  the  method  of  gaug¬ 
ing,  but  the  following  description  will  apply  to  most  of  the 
stations  operated  by  this  Survey.  First,  a  tagged  wire  is 
fastened  securely  over  the  section  chosen  for  gauging,  at  a 
height  out  of  reach  of  the  highest  floods.  This  carries  fifteen 
or  twenty  tags,  5,  10,  or  20  feet  apart,  according  to  the  width 
of  the  stream.  These  tags  are  marked  in  some  way  plainly 
to  be  distinguished,  and  serve  to  locate  the  points  of  measure¬ 
ment  at  uniform  distances  across  the  stream. 

At  a  short  distance  upstream  from  this  tag  wire,  20  to  50 
feet  or  more,  a  wire  cable  one-half  to  seven-eighths  of  an 
inch  in  diameter  is  stretched  across  the  river,  the  ends  being 
brought  up  over  struts  or  shears  to  keep  the  cable  above  the 
water,  and  then  fastened  to  anchorages  securely  embedded  in 
the  river  bank.  On  this  cable  a  pulley  or  small  trolley  runs, 
and  from  this  a  rope  is  fastened  to  a  boat,  the  whole  arrange¬ 
ment  being,  in  short,  a  small  rope  ferry.  The  boat  is  secured 
so  that  its  bow  comes  directly  under  the  tag  wire,  and  by 
standing  or  sitting  on  a  small  platform  over  the  bow  the  stream 
gauger  can  place  the  meter  at  any  desired  point  in  the  cross- 
section. 

In  high  floods,  however,  a  boat  can  not  be  held  in  this  posi¬ 
tion  on  account  of  the  velocity  of  the  water  and  the  danger 
from  logs  and  driftwood.  To  overcome  this  difficulty  two 
methods  have  been  tried :  that  of  gauging  from  a  car  sus¬ 
pended  above  the  water,  and  the  “cable  and  traveler” 
method,  by  which  gauging  can  be  conducted  from  shore. 
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The  suspended  car  (illustrated  in  Fig.  123)  consists  simply 
of  a  stout  box  about  3  feet  wide  and  5  feet  long  hung  from 
pulleys  running  on  the  wire  cable.  The  stream  gauger,  sitting 
in  the  car,  moves  himself  from  side  to  side  of  the  river  and 
uses  his  meter  as  from  a  boat,  lowering  or  raising  it  by  hand 
or  by  a  rope  and  pulley.  This  has  been  found  very  satisfac¬ 
tory.  All  parts  of  this  apparatus  are  made  of  gieat  strength, 
the  cable  being  capable  of  holding  from  ten  to  fifty  times  the 
greatest  load  put  upon  it. 


Pig.  123.— Method  of  using  the  current  meter  from  suspended  car. 

In  the  cable  and  traveler  method  the  main  feature  is  that 
the  observer  stays  on  shore,  and  has  no  necessity,  after  the 
cables  are  once  in  position,  of  going  out  upon  or  over  the 
water.  The  apparatus  as  used  by  the  Survey  was  devised  by 
Mr.  Hall,  and  put  into  practical  operation  on  the  Carson  and 
Tuckee  Rivers  in  Nevada  by  Mr.  Trowbridge,  hydrographer 
for  that  division,  who  commends  it  highly,  and  states  that 
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in  his  opinion  it  is  the  best  system,  especially  for  torrential 
mountain  streams. 

In  general  principle  this  apparatus  is  similar  to  that  used  in 
the  gauging  of  the  river  Severn  in  1880,1  the  most  notable 
difference  being  in  the  manner  in  which  the  meter  is  held  from 
being  carried  downstream.  In  the  first  device  the  cord  which 
steadied  the  meter  was  held  in  place  by  a  cast-iron  anchor 
plate  weighing  70  pounds  which  rested  in  the  bed  of  the  river, 
while  in  the  Hall  apparatus  the  meter  is  held  from  being  swept 
backwards  by  a  stay  line  running  upstream. 

The  meter  is  run  out  on  the  main  cable  by  means  of  hal¬ 
yards,  and  is  lowered  and  raised  by  a  double  incandescent- 
light  cord,  or  insulated  wire,  which  serves  the  two  purposes  of 
conveying  the  electric  current  from  the  battery  and  instrument 
on  shore  to  the  meter  and  of  acting  as  a  suspending  and  sound¬ 
ing  cord.  The  stay  line  just  mentioned  is  fastened  to  a  pulley 
which  travels  on  a  second  smaller  cable  crossing  the  river 
above  the  main  cable.  The  lower  end  of  this  stay  holds  the 
meter  from  being  swept  downstream.  By  manipulating  the 
various  ropes  the  meter  can  be  placed  and  held  in  any  posi¬ 
tion  in  the  cross-section,  the  revolutions  being  reported  by  an 
electric  sounder  near  the  observer. 

Soundings  can  be  made  in.  the  same  manner,  quickly  and 
accurately,  the  rod  being  held  in  a  vertical  position  by  the 
stay  line,  and  the  depth,  if  necessary,  read  off  by  the  amount 
of  movement  of  the  cords  on  shore,  the  sounding  and  insulated 
circuit  cord  being  graduated  to  correspond  with  the  marks  on 
the  sounding  rod. 

With  careful  training  and  experience  one  man  is  able  to  do 
all  the  work  of  gauging  more  easily,  it  is  probable,  by  this 
method  than  by  any  other.  As  stations  are  at  present  located, 
ho  wever,  in  most  of  the  basins,  the  necessities  of  transportation 
and  subsistence  require  that  the  hydrographer  or  steam  gauger 
shall  have  an  assistant ;  and  even  at  stations  which  can  easily 
be  reached  by  rail  it  is  found  to  be  economic  to  employ  the 
resident  gauge  observer  for  the  few  hours  during  which  the 

1  Minutes  of  Proceedings  of  the  'Institution  of  Civil  Engineers,  1885,  vol.  80,  p.  327. 
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gauging1  is  made,  as  helper  or  recorder  of  notes,  as  his  regular 
compensation  at  best  is  very  small. 

In  addition  to  the  cables,  wires,  and  other  apparatus  neces¬ 
sary  for  measuring  the  discharge,  there  is  required  some  means 
of  measuring  the  height  of  the  water,  that  is,  a  gauge  rod  of 
some  kind.  Usually  this  is  a  stick  of  timber,  or  heavy  scant  - 
ling,  fastened  securely  to  the  bank  and  at  the  general  inclina¬ 
tion  of  the  shore.  This  when  in  posit  ion  is  marked  by  means 
of  a  level  into  divisions  corresponding  to  vertical  feet  and 
tenths.  In  favorable  situations,  as  on  vertical  banks  or  a  bridge 
pier,  an  upright  rod  marked  to  feet  and  tenths  is  placed,  but 
these  localities  are  few.  In  general  it  is  necessary  to  establish 
an  inclined  gauge,  as  a  vertical  rod  or  pile  would  not  only  be 
in  danger  of  being  washed  away  in  high  water,  but  the  shore 
line  having  retreated  at  that  time  the  observer  could  not  get 
sufficiently  near  the  gauge  to  read  it.  With  the  inclined  gauge 
the  reading  is  always  at  the  shore  line,  and  driftwood  is  not 
liable  to  catch  upon  it. 

As  soon  as  this  gauge  or  u  nilometer  ”  rod  is  set,  the  observer 
is  instructed  in  the  routine  of  noting  down,  once,  twice,  or 
three  times  a  day,  the  height  of  water  on  the  gauge,  and  the 
observations  should  then  be  continued  throughout  the  year. 

DIURNAL  VARIATION. 

While  the  hydrographer  is  putting  up  the  cable  and  other 
apparatus  for  river  gaugings,  or  at  the  first  opportunity,  a 
series  of  observations  should  be  made  to  determine  the  diurnal 
range,  if  any,  of  the  river  height.  In  most  of  the  rivers  of  the 
arid  region,  especially  near  their  headwaters,  this  daily  range 
is  quite  noticeable,  and  it  is  of  considerable  importance  to 
determine  the  time  of  day  at  which  the  maximum  and  the 
minimum  usually  occur.  This  alternation  of  high  and  low 
water  is  caused  by  changes  of  temperature,  the  heat  of  the  day 
melting  the  snow  and  the  cold  during  the  night  checking  this, 
or  even  freezing  a  portion  of  the  water.  The  time  at  which 
this  effect  is  shown  at  any  given  point  on  the  stream  below  is 
evidently  dependent  upon  the  distance  from  the  source  of  sup- 
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ply.  The  maximum  flow  at  one  place  may  occur  at  midnight, 
lower  down  stream  it  will  be  early  in  the  morning,  and  still 
farther  away  the  highest  point  will  be  at  noon. 

The  main  stream  formed  by  the  union  of  many  such  tribu¬ 
taries  does  not  show  such  a  decided  daily  range,  as  the  maxi¬ 
mum  and  minimum  points  of  the  various  streams  do  not  coin¬ 
cide  and  tend  to  neutralize  one  another. 

The  number  of  gauge  readings  per  day  is  determined  largely 
by  this  preliminary  examination.  If  the  stream  does  not  fluc¬ 
tuate  noticeably  during  the  day,  a  single  observation  for  that 
period  is  sufficiently  accurate  for  all  purposes,  provided  the 
observer  takes  careful  note  of  any  unusual  or  sudden  flood. 
On  the  other  hand,  it  is  obvious  that  a  single  observation  will 
be  deceptive  if  this  happens  to  fall  each  day  at  the  usual  time 
of  high  or  of  low  water;  at  least  two  observations  are  then 
necessary  to  determine  the  mean  daily  height. 

For  greater  accuracy,  a  self-registering  gauge1  or  udometer 
is  used.  This  consists  of  a  cylinder  or  dial  driven  by  clock¬ 
work  at  such  a  rate  that  one  complete  revolution  is  made  in  a 
week.  A  marking  device  connected  with  a  float,  which  rises 
and  falls  with  the  river,  traces  on  paper  placed  on  this  cylinder 
a  line  which,  by  its  position,  gives  the  height  of  water  at  any 
hour  of  day  or  night.  A  record  of  this  character  gives  data, 
not  only  for  determining  the  daily  mean  flow  with  great  pre¬ 
cision,  but  also  the  maximum  and  minimum  discharges. 

• 

RATING  THE  STATION. 

After  the  station  is  equipped  and  daily  gauge  readings 
begun,  the  rating  of  the  station  is  undertaken.  This  is  the 
main  and  most  expensive  operation  of  the  hydrographic  work, 
as  it  is  necessary  to  measure  the  discharge  at  various  heights 
of  water,  both  at  high  and  low  stages,  as  well  as  at  inter¬ 
mediate  points.  The  measurements  are  made  by  the  hyclrog- 
rapher  or  his  assistants,  who  visit  each  station  from  time  to 

1  One  form  described  in  Fourth  Biennial  Report  of  State  engineer  of  Colorado, 
1888,  p.  54.  Another  form  is  illustrated  in  the  Second  Annual  Report  of  the  Terri¬ 
torial  engineer  of  Wyoming,  1890. 
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time  in  their  round  of  the  basin.  To  get  a  complete  series  of 
measurements  is  thus  usually  a  matter  of  several  months,  as 
the  height  of  the  river  can  not  be  predicted  except  in  the 
most  general  way.  The  hydrographer  and  his  party  can  not 
remain  encamped  on  the  banks  of  a  stream  waiting  for  the 
variations  of  high  and  low  water,  but  must  take  his  chances 
of  finding  the  river  at  the  stage  at  which  he  desires  to  measure 
it  when  he  arrives. 

The  results  of  these  measurements,  finally  obtained,  are 
plotted  on  rectangularly  ruled  paper,  the  gauge  height  of  the 
river  as  ordinates,  the  corresponding  discharge  as  abscissae. 
These  points  generally  lie  in  such  a  position  as  to  suggest  the 
path  of  a  simple  curve.  This  line  is  therefore  usually  sketched 
by  eve,  the  hydrographer  from  his  knowledge  of  circumstances 
giving  intuitively  more  weight  to  certain  observations  than  to 
others.  On  PI.  lxx  is  given  an  illustration  of  one  of  these 
rating  curves.  The  points  obtained  by  observation  are  indicated 
by  dots  surrounded  by  circles  and  numbers  in  order  of  dates 
of  measurement.  The  finer  rulings  of  the  paper  ordinarily 
used  have  been  omitted  in  order  to  make  the  position  of 
the  dots  more  apparent  to  the  eye.  When  the  curved  line 
has  finally  been  adjusted,  the  rating  table  is  constructed.  This 
is  a  table  giving  the  discharge  in  cubic  feet  per  second  for 
each  tenth  of  foot  height  on  the  gauge  rod  of  a  station. 
Knowing  then  the  height  of  the  river  at  any  time,  the  corre¬ 
sponding  discharge  can  be  at  once  read  oft’  from  this  table.  This 
rating  table  is  taken  directly  from  the  plotted  curve,  the 
discharge  corresponding  to  each  tenth  of  foot  in  height  being 
obtained  by  the  position  of  the  curve.  It  is  advisable,  as 
affording  a  convenient  check  on  the  numerical  accuracy,  to 
note  down  in  a  column  at  the  right  the  differences  between 
successive  discharges,  i.  e.,  the  increase  of  discharge  each 
time  due  to  rise  of  0T  foot.  If  these  at  any  place  become 
constant  the  discharge  curve  evidently  has  flattened  into  a 
tangent,  and  if  the  differences  decrease,  the  curve  is  reversed 
and  should  be  slightly  changed  or  adjusted,  so  that  the  differ¬ 
ences  show  a  constant,  though  slight,  increase.  There  may  be 
one  exception  to  this  rule.  It  is  conceivable  that  a  river  may, 
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in  rising,  encounter  obstacles  which  tend  to  pond  the  water 
and  hold  back  the  flood  so  that  the  discharge  will  not  increase 
in  relation  to  height  of  water  at  so  rapid  a  rate  as  at  a  medium 
stage.  This  condition  of  affairs  has,  however,  not  been  actu¬ 
ally  encountered. 

The  construction  of  this  curve  is  similar  in  all  respects  to 
that  of  the  rating  line  for  the  meters,  noted  on  a  previous  page. 
As  in  that  case,  the  analytic  method  of  obtaining  the  curve  can 
be  employed  to  advantage  in  connection  with  the  plot  of  dis¬ 
charge,  but  for  most  practical  purposes  the  graphic  method — 
if  only  one  is  used — is  preferable,  as  its  accuracy  is  far  within 
the  probable  error  of  the  observations.  Thus,  for  rapid  work, 
as  in  preparing  estimates  of  discharges,  the  purposes  of  this 
survey  were  best  accomplished  by  the  use  of  the  sketched 
rating  line. 

The  question  now  arises,  for  how  long  a  period  will  this 
rating  curve  be  true,  or  its  values  fall  within  the  range  of  allowa¬ 
ble  error  ?  Every  river  is  constantly  modifying  its  channel  to 
some  extent,  alternately  scouring  and  filling  its  bed  to  suit  the 
everchanging  conditions  of  velocity  and  volume.  The  station 
is,  in  the  first  instance,  selected  at  a  point  where  this  action  will 
be  at  a  minimum,  but  usually  there  is  an  appreciable  change, 
especially  during  and  after  floods  or  protracted  periods  of  low 
water. 

The  rating  curve  is  founded,  however,  on  measurements 
made,  as  far  as  possible,  under  all  the  varying  conditions  of 
water  depth,  and  is  in  itself  of  the  nature  of  an  average  or  com¬ 
promise  between  all  these  conditions.  Thus  it  is  evident  that 
for  any  one  height  of  water  at  a  particular  stage,  the  discharge 
as  given  by  the  rating  table  may  not  be  as  accurate  as  the  re¬ 
sult  of  a  direct  measurement  made  on  that  particular  day,  but 
the  value  given  by  the  rating  table  should  be  the  average  value 
of  the  discharge  (for  that  particular  height),  whether  the  river 
be  rising,  falling,  or  stationary.  In  other  words,  it  is  assumed 
that  for  a  given  height  of  water  the  discharge  varies  within  cer¬ 
tain  limits,  depending  upon  circumstances,  such  as  amount  of 
silt  carried,  condition  of  channel  above  and  below,  and  other 
modifying  features,  and  that  the  rating  tables  can  not  be 
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brought  to  the  refinement  of  discriminating  between  all  these 
conditions,  but  must  represent  an  approximation  at  their  mean. 

It  is  interesting  to  observe,  however,  that  there  is,  taking 
a  season  through,  a  general  return  to  former  conditions,  even 
in  certain  quite  sandy  channels,  where  the  change  from  day 
to  day  is  noticeable,  the  deep  portion  shifting  from  side  to 
side,  while  the  relation  of  gauge  height  to  discharge  takes  a 
wider  and  more  irregular  range,  the  plotted  points  being  scat¬ 
tered  on  each  side  of  the  average  line.  Thus  it  has  been  found 
practicable  to  rate  certain  stations  and  obtain  mean  discharges 
whose  probable  error  is  within  an  allowable  limit  at  places 
where  at  first  sight  it  would  seem  hopeless. 

The  above  remarks  apply  particularly  to  places  where  the 
material  of  the  bed  is  continually  rearranged  and  replaced; 
but  if  the  action  of  the  stream  is  to  build  up  the  bed  as  a  whole 
and  then  to  wash  this  out  bodily,  height  of  water  alone  can 
have  no  meaning — the  bed  of  the  stream  itself  is  rising  or  fall¬ 
ing.  It  has  been  proposed  to  meet  such  exigencies  by  neg¬ 
lecting  the  arbitrary  height  of  water  surface  and  considering 
the  hydraulic  mean  radius  in  its  place ;  that  is  to  say,  instead 
of  having  the  river  height  read  daily  at  the  shore,  to  have  the 
observer  make  soundings  at  definite  points  of  the  cross-section. 

Rating  tables  are  usually  made  as  soon  as  possible  after  six  or 
eight  observations  of  discharge  have  been  obtained,  if  these  are 
well  distributed  along  the  path  of  the  curve,  and  subsequent 
points  are  plotted  when  obtained.  The  curve  is  modified,  if 
necessary,  to  take  account  of  these  new  data,  and  corrections  are 
made  in  the  rating  table.  The  experience  of  the  last  year  has 
shown,  however,  that  after  six  or  eight  well  distributed  gaugings 
have  been  made  subsequent  measurements  during  that  season 
are  not  in  general  of  sufficient  value  to  justify  the  expense  of 
obtaining  them.  In  other  words,  the  corrections  in  the  rating 
table  are  not  worth  what  they  cost. 

T1  ns  Survey  has  not  been  in  operation  for  a  sufficient  time 
to  be  able  to  determine  whether  these  rating  tables  can  be  used 
a  second  or  third  year  without  material  change.  It  is  probable, 
however,  that  they  can  be  used  to  give  approximate  values  in 
case  they  can  not  be  checked  by  observations  in  later  years. 
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RAINFALL. 

At  the  beginning’  of  the  operations  of  the  Hydrographic  Sur¬ 
vey  the  necessity  of  rainfall  measurements  was  appreciated, 
and  an  examination  was  made  of  the  methods  in  use  by  the 
Signal  Service  of  the  Army,  which  had  that  subject  in  charge. 
It  appeared  at  that  time  that  the  Signal  Office  was  not  in  con¬ 
dition  to  extend  its  observations  to  the  points  at  which  meas¬ 
urements  were  most  needed  for  the  Hydrographic  Survey,  and 
therefore  the  attempt  was  made  to  supply  this  deficiency  by 
establishing  a  system  of  volunteer  observers,  in  general  details 
fashioned  after  that,  already  in  operation  under  the  direction  of 
the  Chief  Signal  Officer.  Standard  rain  gauges  were  placed  in 
the  hands  of  observers,  wherever  these  could  be  found,  in  the 
basins  in  which  the  hydrographic  work  was  at  first  begun.  In 
the  Rio  Grande  basin,  for  example,  about  forty  rain  gauges  were 
thus  located  at  accessible  points ;  nearly  the  same  number  in 
the  Gila  basin,  principally  around  the  headwaters  of  the  river 
and  its  tributaries ;  and  a  few  in  the  basin  of  the  Arkansas  in 
Colorado  and  that  of  the  Truckee  River  in  Nevada. 

The  principal  difficulty  is  to  secure  measurements  at  points 
where  they  are  most  needed.  As  is  well  known,  the  greater 
portion  of  the  population  is  in  the  lower  valleys,  and  at  these 
points  observers  of  rainfall  can  be  found  with  comparative  ease  , 
but  it  is  from  the  high  mountains  that  the  principal  water  sup- 
pi  V  comes,  and  there  the  measurements  should  be  made.  Un¬ 
fortunately  it  is  almost  if  not  quite  impossible  to  obtain  volun¬ 
teer  observers  in  those  places,  and  it  is  evidently  impracticable 
to  hire  men  to  reside  at  these  high  altitudes  for  the  sole  object 
of  noting  precipitation.  Thus  it  happens  that  all  the  data  con¬ 
cerning  rainfall  and  snowfall  relate  mainly  to  the  low  valleys 
where  the  precipitation  is  least,  and  estimates  based  upon  these 
figures  are  in  general  below  the  truth. 

The  results  obtained  from  the  measurements  of  precipitation 

carried  on  by  this  Survey  were  transmitted  from  time  to  time 
« /  •/  • 

to  the  Chief  Signal  Officer  and  by  him  published  in  the  Monthly 
Weather  Review  in  connection  with  the  results  from  his  own 
observers.  The  relation  which  exists  between  the  rainfall  and 


24  IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 

the  discharge  of  the  river  lias  been  a  matter  of  careful  consid¬ 
eration  by  the  hydrographers  of  this  Survey,  and,  while  at  the 
present  time  it  is  premature  to  state  conclusions,  some  general 
facts  are  given  as  introductory  to  a  more  detailed  discussion. 

This  relation  between  the  rainfall,  as  measured  in  various 
places  in  a  river  basin,  and  the  subsequent  rise  of  the  river  is 
by  no  means  one  of  simple  arithmetical  proportion ;  in  other 
words,  if  1  inch  of  rain  falls  during  one  day  and  2  inches  dur¬ 
ing  another,  the  river  discharge  following  the  second  rainfall  is 
not  necessarily  twice  the  first ;  it  may  be  less  or  greater. 

The  rate  at  which  the  rain  falls  determines  most  largely  the 
amount  which  collects  at  once  in  the  streams  and  river.  In  a 
heavy,  short  thunder-storm  or  “  cloud-burst,”  the  rain  does  not 
have  time  to  soak  into  the  ground,  but  rushes  down  the  slopes 
into  the  ravines  and  is  massed  in  great  torrents.  The  same 
amount  falling  gently  during  one  or  two  days  would  slowly 
saturate  the  parched  soil  and  have  little,  if  any,  effect  upon  the 
river  flow. 

The  extent  of  floods,  especially  in  a  large  drainage  basin, 
depends  upon  so  many  factors — such  as  the  condition  of  the 
soil,  vegetation,  geologic  structure,  topography,  winds,  and 
temperature — that  the  law  of  the  immediate  dependence  of 
these  upon  the  amount  of  rainfall  is  obscured.  However,  it  is 
essential  for  purposes  of  agriculture,  navigation,  and  protection 
of  property  that  the  matter  be  fully  studied,  and  therefore  men 
in  various  parts  of  the  world  have  worked  upon  this  problem 
with  results  of  greater  or  less  practical  value.  For  example, 
Belgrand,1  by  long  studies  of  the  basin  of  the  Seine,  has  arrived 
at  a  rule,  perhaps  more  experimental  than  rational,  by  which, 
knowing  the  meterologic  conditions  in  the  headwaters  and  the 
rise  of  certain  affluents,  he  computes  the  time  and  height  of 
flood  at  Paris. 

In  this  country,  also,  Prof.  Thomas  Russell,  of  the  Signal 
Service,  has  constructed  a  formula2  by  which,  using  certain  co¬ 
efficients  combined  with  the  rainfall  and  the  possible  evapora¬ 
tion,  he  obtains  for  the  rivers  under  examination  certain  dis- 

1  See  in  particular  “  Travaux  Souterrains  de  Paris,”  vol.  1,  La  Seine. 

2  See  Annual  Report  Chief  Signal  See  Officer  U.  S.  A.,  1889,  p.  170. 
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charges  which  are  reasonably  comparable  with  the  measured 
results.  By  such  methods  floods  have  been  predicted  and 
warnings  given  in  sufficient  time  to  save  property  of  great 
value,  encouraging  the  further  study  ot  individual  basins  with 
the  hope  of  obtaining  at  least  some  rule,  perhaps  of  local  appli¬ 
cation,  by  which  river  changes  can  be  predicted  in  time  to  be 
of  value  to  the  farmer. 

The  run-off  is  a  term  applied  to  the  quantity  of  water  which 
is  discharged  or  flows  from  a  given  catchment  area,  both  in 
floods  and  at  low  stages.  This  is  expressed  either  in  terms  of 
the  average  quantity  flowing  past  a  certain  point  on  the  stream 
draining  this  area  or  in  terms  of  the  depth  of  an  equal  bulk  of 
water  if  this  were  spread  in  a  layer  over  the  whole  area.  For 
instance,  it  may  be  said  that  the  run-off  is  1,000  second  feet; 
that  is,  the  mean  discharge  from  the  given  area  is,  for  the  time 
under  consideration,  1,000  cubic  feet  per  second.  Or  the  run¬ 
off  may  be  2  inches,  which  is  equivalent  to  saying  that  during 
the  given  time  a  quantity  of  water  flowed  out  of  the  basin  or 
area,  which,  it  put  on  a  plain  ot  the  same  size,  would  cover  it 
to  the  depth  of  2  inches. 

The  run-off  comes  primarily  from  the  rainfall  or  snowfall 
within  the  catchment  area.  There  are  cases,  however,  where, 
by  a  peculiar  structure  or  tilting  of  the  rocks,  the  rain  falling 
on  one  §ide  of  a  watershed  may  pass  through,  reappearing  as 
springs  in  a  topographically  different  basin ;  but  these  cases 
are  too  rare  and  the  amount  usually  involved  is  too  small  for 
general  discussion. 

From  the  tact  that  the  rain  is  the  source  of  the  run-off,  it 
might  be  supposed  that,  the  rainfall  and  the  catchment  area 
being  measured  in  the  ordinary  manner,  it  would  be  a  simple 
matter  to  estimate  the  water  available  at  any  one  point,  or  at 
least  that,  the  rainfall  and  run-off  for  one  year  being  known, 
it  would  be  simply  an  example  in  proportion  to  estimate  the 
run-off  for  the  succeeding  years  from  the  measurements  of 
rainfall  alone. 

This  relation  is  not  so  simple,  however.  In  past  time  many 
estimates  have  been  based  on  the  direct  dependence  of  the  one 
on  the  other,  but  in  many  instances  these  have  resulted  in  disas- 
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trous  consequences.  The  accumulation  ot  data  bearing1  upon 
this  problem  shows  a  condition  ol  facts  and  theories  requiring 
detailed  study  before  results  apparently  contradictory  can  be 
harmonized. 

The  relation  which  actually  exists  between  the  rainfall  and 
the  run-off  is  not  only  a  problem,  of  great  scientific  interest 
and  value,  but  to  engineers  and  sanitarians  it  has  a  pi  acti cal  im¬ 
portance  which  justifies  the  most  careful  investigation.  For 
several  decades  there  lias  been  no  lack  of  interest  in  this  mat¬ 
ter,  and  the  student  of  the  subject  finds  voluminous  discussion 
and  diverse  conclusions.  There  are  formulae  and  rules  for  ob¬ 
taining  this  relation,  but  unfortunately  these  are  widely  diver¬ 
gent  in  form  and  use,  and  give  results  as  discordant  as  the 
theories  of  their  constructors.  One  can  not  but  be  impressed 
with  the  fact  that  the  mass  of  discussions  and  formulae  far 
outweighs  the  data  on  which  they  are  founded.  In  short,  as 
in  so  many  other  matters  of  this  kind,  each  man,  reasoning 
from  partial  and  incomplete  data,  has  built  a  more  or  less 
elaborate  structure*  almost  obscuring  the  fundamental  facts. 

This  is  from  the  nature  of  the  case  almost  unavoidable.  The 
essential  facts  for  such  a  study  are  those  requiring  long-con¬ 
tinued,  elaborate,  and  expensive  observations  by  trained  bodies 
of  skilled  men,  and  are  investigations  such  as  only  govern¬ 
ments  can  undertake.  Up  to  the  present  time  these  liave  not 
been  carried  on  in  a-  broad,  systematic  way,  and  fragmentary 
and  incomplete  material  has  from  necessity  been  used  in  mak¬ 
ing  deductions. 

Even  in  countries  whose  climate  and  topographic  structure 
are  best  known,  it  is  rash  to  attempt  tq  apply  these  general 
formulae  for  run-off  unless  they  have  been  derived  from  adja¬ 
cent  localities  whose  climatic  conditions  are  essentially  similar. 
For  instance,  the  errors  made  in  proportioning  hydraulic  struc¬ 
tures,  as  bridge  openings  and  dams,  the  calculations  for  which 
were  based  on  the  best  known  engineering  formulae,  are  too 
well  known  for  comment,  and  serve  to  enforce  the  rule  that 
these  can  be  safely  applied  only  in  the  localities  where  made 
and  under  similar  circumstances. 

There  are,  however,  certain  conclusions  about  which  there 
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can  be  little  doubt,  and,  when  these  are  grouped  with  the  best 
and  latest  data,  they  will  unquestionably  aid  the  solution  of 
certain  portions  of  the  problem.  These  may  be  stated  as 
follows : 

The  coefficient  of  run-off  increases  with  the  rainfall. 

This,  in  its  broader  applications,  is  one  of  the  most  general 
and  well-established  facts  ;  namely,  that  in  humid  countries 
the  percentage  of  run-off  to  rainfall  is  larger  than  in  the  arid 
regions  ;  and,  of  several  localities,  that  one  having  the  greatest 
mean  annual  rainfall  will,  cseteris  paribus,  have  a  run-off  dis- 
proportionally  large  to  the  others. 

The  annual  run-off  of  any  one  basin  is  not  directly  proportional 
to  the  measured  annual  rainfall. 

TV  hile  the  first  proposition,  that  the  coefficient  of  run-off 
increases  with  the  rainfall,  is  true  in  speaking  of  averages  and 
in  comparing  extreme  cases,  yet  the  facts  do  not  justify  the 
application  of  this  rule  to  the  annual  variations  in  any  one 
basin.  The  run-off  is  the  resultant  of  many  modifying*  condi- 
tions  beyond  the  actual  amount  of  rain,  such  as  the  rate  of 
precipitation,  the  distribution  through  the  year,  the  tempera¬ 
ture  of  the  air  and  ground,  the  previous  condition  of  satura¬ 
tion  of  soil  and  subsoil ;  all  these  and  many  others  are  of 
almost  as  great  importance  as  the  actual  depth  of  rainfall. 
One  cause  of  the  discrepancies  that  appear  in  this  comparison 
of  the  annual  rainfall  and  flood  discharge  may  be  that  our 
rainfall  measurements  are  not  accurate.  This  is  unquestion- 
abh  true,  for  in  most  of  the  river  basins,  both  in  this  country 
and  others,  in  which  this  relation  has  been  studied,  the  rainfall 
measurements  in  the  places  where  most  needed,  namely,  in 
the  high  mountains,  are  the  poorest.  But  even  in  the  oldest 
and  best  settled  countries,  where  the  rainfall  is  most  accurately 
known,  the  same  lack  of  agreement  between  annual  precipi¬ 
tation  and  total  discharge  is  shown. 

The  influences  above  mentioned  which  modify  the  relation 
of  run-off  to  rainfall  may  be  divided  into  two  classes,  topographic 
and  climatic. 

The  topographic  are :  area  of  catchment  basin,  altitude  and 
slope  of  different  portions,  soil,  culture,  and  subsurface  struct- 
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ure,  including  texture  and  porosity  of  rocks,  I  or  any  given 
basin  these  are  practically  unchangeable,  although  changes  do 
•  sometimes  occur — as  by  burning  or  cutting  off  torest  and  drain¬ 
ing  lands — which  are  sufficient  to  modify  the  whole  regimen  of 
a  river. 

The  climatic  influences  beyond  the  total  amount  of  rain  or 
snow  are:  the  distribution  ot  precipitation  over  a  catchment 
area,  rate  of  fall — not  only  per  minute  or  hour,  but  whether 
coming  in  protracted,  gentle  rains  or  sudden,  copious  showers 
— humidity,  temperature  of  air  and  ground  and  wind  move¬ 
ments,  these  latter  causing  the  rainfall  to  disappear  rapidly  by 
evaporation  or  (at  the  other  extreme)  to  stay  frozen  as  snow 
and  ice. 

These  climatic  factors  are  variable  in  a  given  basin  from 
point  to  point  and  from  day  to  day,  and  are  not  susceptible  of 
detailed,  accurate  measurement  over  a  large  basin  in  any  prac¬ 
ticable  manner.  In  the  better  settled  countries,  where  habita¬ 
tions  are  found  near  the  headwaters  of  the  streams,  observations 
of  many  of  these,  as  rainfall,  temperature,  and  wind  movements, 
have  been  carried  on  in  a  general  way,  but  by  no  means  with 
that  detail  necessary  to  compute  the  run-off.  But  while  the 
details  of  these  factors  day  by  day  are  not  known  with  the  ex¬ 
actness  necessary  for  computation,  yet  in  a  general  way  their 
ranges  and  averages  are  readily  obtained. 

In  considering  adjacent  catchment  areas  it  is  obvious  that  in 
a  broad  sense  the  climatic  conditions  found  in  one  will  be  nearly 
repeated  in  the  other,  except  as  modified  by  the  topography. 
For  instance,  of  three  basins  in  succession,  if  the  general  cli¬ 
matic  range  of  the  first  and  third  be  known,  it  may  be  assumed 
that  the  effect  of  temperature,  wind  movements,  and  other  fac¬ 
tors  in  the  intermediate  basin  will  be  between  that  of  those 
lying  outside,  except  as  these  are  modified  by  altitude,  slope, 
and  other  topographic  details.  In  other  words,  the  climatic  in¬ 
fluences  which  are  measured  with  difficulty  are  largely  depend¬ 
ent  upon  topographic  features  which  can  be  determined  with 
precision. 

In  any  one  drainage  area,  the  topography  being  constant,  the 
variations  in  run-off  are  evidently  dependent  upon  alterations 
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of  all  climatic  influences  modifying  the  rainfall.  These,  as 
above  mentioned,  are  so  many  and  varied,  and  in  a  catchment 
area  of  mountains  and  valleys  are  so  divergent  locally,  that  it 
is  impracticable  to  measure  them  all  in  detail  from  day  to  day 
and  properly  weigh  and  combine  the  figures  obtained,  and  in¬ 
dividual  judgment  and  training  must  enter  largely  into  an  at¬ 
tempt  of  this  kind.  But  the  resultant  of  all  these,  the  run-off 
itself,  is  susceptible  of  exact,  direct,  and  simple  observation ; 
and  the  general  range  of  the  run-off,  the  habit  of  the  river,  can 
be  more  easily  and  cheaply  obtained  by  measurements  carried 
on  through  a  few  years  than  by  the  most  elaborate  and  pro¬ 
longed  study  of  meteorologic  data.  In  short,  the  climatic  ele¬ 
ments  of  the  investigation  must  be  in  the  main  grouped  and 
studied  by  their  combined  resultant,  the  run-off,  rather  than 
individually.  The  total  rainfall  is  the  only  one  which  can  be 
obtained  with  any  degree  of  accuracy. 

If  this  is  the  case,  if  formulae  and  computations  can  not  be 
depended  upon  for  general  application,  it  would  seem  that  the 
only  method  left  is  to  gauge  each  and  every  stream  in  detail 
in  order  to  obtain  a  working  knowledge  of  water  distribution 
and  supply. 

This  extreme  position,  however,  can  be  modified.  If  the 
discharge  of  a  certain  basin  is  known,  it  has  been  found  prac¬ 
ticable  to  estimate  the  discharge  of  a  neighboring  basin,  knowT- 
ing  the  topographic  details  of  each.  In  fact,  it  may  be  said 
that  all  successful  computations  have  been  made  in  this  manner; 
and  while  general  rules  have  not  applied,  special  and  empirical 

means  have. 

• 

In  other  words,  there  are  these  two  classes  of  variables, 
topographic  and  climatic,  producing  a  given  result,  the  run-off. 
In  applying  the  equation  which  connects  these,  the  climatic 
variables  must  be  in  the  main  eliminated  by  using  the  empiri¬ 
cal  equation  in  such  a  restricted  area  that  the  climatic  changes, 
except  as  affected  by  the  topography,  do  not  enter  at  all.  The 
relation  between  rainfall  and  run-off,  being  known  for  one  area, 
is  applied  to  the  next,  and  this  only  so  far  as  can  be  checked 
by  results  obtained  under  similar  conditions. 
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Tn  order,  then,  to  obtain  information  of  the  water  supply  of 
a  large  and  diversified  country,  as  the  western  portion  of  the 
United  States,  it  will  be  necessary  to  select,  in  different  por¬ 
tions  of  the  country,  certain  convenient  drainage  basins  and 
make  discharge  measurements  in  one  or  two  places  in  each  of 
these,  not  only  of  the  total  run-off  but  of  the  discharge  of  one 
or  more  branches.  By  this  careful  study  carried  through  a  few 
years,  the  general  habit  of  the  stream  can  be  known.  At  the 
same  time  the  other  essential  information  can  be  obtained  from 
carefully  prepared  maps,  showing  the  area,  altitude,  slopes,  and 
general  character  of  the  catchment  basin ;  and  measur ements 
of  the  rainfall,  and  information  bearing  upon  evaporation  from 
water  surfaces  and  other  related  data,  can  also  lie  had. 

By  this  means  a  body  of  information,  an  empirical  formula, 
perhaps,  can  be  obtained  for  this  particular  stream,  and  no  one 
will  gainsay  that  this  knowledge,  intelligently  qualified,  can 
be  applied  within  safe  limits  to  the  adjacent  catchment  areas, 
yielding  results  of  value  far  above  their  cost. 

With  these  basins  well  distributed  in  the  northern,  southern, 
eastern,  western,  and  central  portions  of  the  country,  the 
characteristic  features  of  each  can  be  ascertained  in  something 
more  than  the  general  qualitative  way.  It  is  evident  that  such 
an  investigation  can  be  carried  on  only  by  a  scientific  bureau 
of  the  General  Government.  It  is  impossible  for  a  State  to 
undertake  this  work,  for  scarcely  any  State  includes  the  whole 
of  a  typical  drainage  basin,  and  the  higher  results  to  be  obtained 
are  not  of  the  character  of  immediate  financial  benefits  that 
would  stimulate  any  State  to  undertake  such  an  investigation. 

EVAPORATION. 

The  evaporation  measurements  mentioned  in  the  First 
Annual  Report  of  the  Irrigation  Survey  have  been  continued 
at  places  where  there  was  especial  need  of  data  for  engineeiing 
estimates.  Although  there  is  a  demand  for  information  regard¬ 
ing  the  loss  of  water  from  different  classes  of  soil,  from  culti¬ 
vated  or  barren  ground,  or  from  various  crops  and  kinds  of 
vegetation,  practical  difficulties  and  uncertainties  sunounding 
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such  operations1  are  so  great  that  it  has  not  been  deemed  wise 
to  undertake  measurements  ot  this  character.  The  evaporation 
from  the  surface  of  the  water,  however,  is  something  that  can 
be  measured  with  a  tair  degree  ot  accuracy.  Long'  series  of 
experiments "  have  been  carried  on  in  this  country  and  in 
Europe,  and  results  ot  value,  though  ot  local  application,  have 
been  obtained.  In  attempting  to  procure  data  of  immediate 
use  in  the  investigations  in  the  arid  region,  it  was  thought  best 
not  to  undertake  at  first  very  refined  and  delicate  experiments, 
but  to  make,  in  as  many  localities  as  convenient,  certain  meas¬ 
urements  which  should  show  as  near  as  possible  the  actual 
loss  of  water  from  the  surface  of  .lakes  and  canals. 

The  rate  of  evaporation  from  water  surfaces  varies  with  the 
temperature  of  the  water,  the  velocity  of  the  wind  at  the  water 
surface,  and  the  dryness  of  the  air.  Consequently  this  loss 
from  rivers,  lakes,  canals,  or  reservoirs  varies  widely  in  dif¬ 
ferent  localities  and  for  the  same  locality  in  different  seasons. 

The  method  adopted  consists  in  measuring  the  loss  of  water 
from  a  pan  (see  fig.  124),  so  placed  that  the  contained  water 
has,  as  nearly  as  possible,  the  same  temperature  and  exposure 
as  that  of  the  lake  or  canal  which  it  is  intended  to  represent. 
If  this  could  be  perfectly  accomplished,  the  observation  would 
give  directly  the  rate  of  evaporation  desired;  but  since  the 
inclosing  of  the  water  in  the  pan  tends  to  change  its  tempera¬ 
ture  and  exposure,  the  observation  is  an  indirect  one.  In 
order  to  know  how  closely  it  represents  the  evaporation  from 
the  natural  water  surface,  the  observations  should  include  the 
water  temperatures  and  the  wind  force,  from  which  the  dif¬ 
ference  of  temperature  and  exposure  may  be  estimated. 

The  evaporating  pan  used  by  the  Survey  is  of  galvanized 
iron,  3  feet  square  and  10  inches  deep,  immersed  in  water  and 
kept  from  sinking  by  means  of  floats  of  wood  or  hollow  metal. 

'See  “On  Evaporation  and  on  Percolation,”  Chas.  Greaves,  Min.  Proc.  Inst.  C. 
E.  Vol.  xlv,  p.  19. 

2 Prof.  Tlios.  Russell,  “Depth  of  Evaporation  in  the  United  States,”  Monthly 
Weather  Review,  September,  1888. 

Also  see  “Evaporation,”  by  Desmond  Fitzgerald,  Trans.  Am.  Soc.  C.,  E.  vol. 
xv,  1886,  p.  602;  Dorsey,  Trans.  Am.  Soc.  C.  E.,  vol.  xvi,  1887.  p.  94;  and  Wild’s 
Repertorium  fiir  Meteorologie,  vol.  vm,  p.  12,  supplement. 
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It  is  exposed  as  nearly  as  possible  to  the  average  wind  mo\e- 
ment  of  the  body  of  water  from  which  it  is  desired  to  ascertain 
the  evaporation,  care  being*  taken  to  place  it  in  such  a  position 
that  trees  or  buildings  do  not  shade  or  protect  it.  The  device 
(shown  in  the  upper  left  hand  corner  of  Fig.  124)  for  measuring 
the  evaporation  consists  ol  a  small  brass  scale  hung  in  the  center 
of  the  pan.  The  graduations  are  on  a  series  of  inclined  cross¬ 


bars,  so  proportioned  that  a  rise  or  fall  of  a  tenth  of  an  inch 
causes  the  water  surface  to  advance  or  retreat  tliree-tentlis  of  an 
inch  along  one  of  the  bars.  The  marks  are  placed  0T5  inch 
apart,  equivalent  to  a  vertical  distance  of  0*05  inch,  and  by  this 
device  for  multiplying  by  3  it  is  possible  to  read  to  0*01  inch 
change  of  level. 

Observations  have  been  made  at  the  following  places :  Fort 
Bliss,  near  El  Paso,  Texas,  pan  floating  in  the  Rio  Grande ; 
Embudo,  New  Mexico,  pan  floating  in  a  small  ditch  near  the 
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Rio  Grande;  Tempe,  Arizona,  in  the  Gila  River;  Florence, 
'  Arizona,  in  the  Salt  River ;  also  at  Yuma,  Arizona,  at  Cherry 
Creek,  near  Denver,  Colorado,  at  Canyon  City  and  Lamar, 
Colorado,  and  at  Fort  Douglas,  near  Salt  Lake  City,  Utah; 
besides  certain  other  localities  in  Utah  and  in  Montana  at  which 
the  records  from  various  causes  are  fragmentary. 

1  he  results  at  the  different  stations  depend  largely  upon  the 
character  ot  the  body  ot  water  on  which  the  evaporating  pan 
is  placed.  The  temperature  of  a  small  pond  or  ditch  is  subject 
to  great  fluctuations  during  the  day,  and  may  have  a  higher 
mean  value  than  that  of  a  deep  lake  or  large  river,  and  the 
evaporation,  other  things  being  equal,  will  thus  be  greater  from 
the  smaller  body  of  water.  Experience  has  shown  that  the 
water  in  the  pans,  though  it  heats  slightly  during  the  day, 
perhaps  from  1  to  2  degrees  above  that  of  the  surface  of  the 
lake  or  stream,  and  cools  at  night  proportionately  lower,  yet  it 
is.  maintained  at  an  average  temperature  for  the  month  within 
a  fraction  ot  a  degree  ot  that  of  the  surrounding  water. 

A  lack  ot  correspondence  between  the  water  temperatures 
and  the  rates  of  evaporation  has  been  noticed.  This  disparity 
is  to  be  expected,  inasmuch  as  the  water  temperature  is  only 
one  of  three  variable  factors  which  control  the  rate  of  evapora¬ 
tion.  Thus,  at  El  Paso  the  water  temperature  in  March,  1890, 
was  about  the  same  as  that  ot  November  of  the  previous  year, 
but  the  evaporation  was  7  inches  in  March  against  4'6  for 
November.  1  his  is  explained  by  the  increased  wind  velocity 
in  March,  being  nearly  50  per  cent  greater  than  in  November, 
and  by  a  greater  dryness  of  the  air. 

The  results  obtained  are  given  below  in  tabulated  form,  the 
depth  of  evaporation  for  each  month  at  the  various  stations 
being  given  in  inches.  In  several  cases  where  the  results  for 
a  month  are  incomplete,  the  total  for  the  month  is  calculated 
by  direct  proportion.  It  should  be  borne  in  mind  that  these 
are  actual  measurements  of  evaporation  for  the  particular  time 
and  places  under  consideration,  and  while  they  have  value  in 
estimates  and  comparisons,  yet  like  all  results  depending  upon 
alternations  of  temperature,  wind,  and  distribution  of  moisture, 

they  must  vary  from  year  to  year  in  the  same  locality. 

11  geol.,  pt.  2 - 3 
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Depth  of  evaporation  per  month,  in  inches. 


Year. 

1 

Place. 

January. 

February. 

March. 

April. 

May. 

j  June. 

!  July. 

1  ... 

|  August. 

September. 

October. 

November. 

December. 

1889 

1890 

IfifiQ 

c3'4 

a4'5 

a5  ’3 

al  ’9 

do 

a2'6 

62  7 

cl  "0 

1889 

1889 

1889 

1890 
1889 
1889 

1889 

1890 
1889 
1889 

1889 

1890 

1889 

1890 
1890 

1889 

1890 
1890 
1890 
1890 
1890 
1890 

cO'8 

c7‘l 

63  1 

«2  9 

66-1 

(Fort  Douglas,  near? 
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a  Indicates  that  measurements  were  continued  less  than  a  full  month  and  over  20  days. 
6  Measurements  from  10  to  20  days, 
c  Measurements  less  than  10  days. 


Besides  the  table  of  depths  of  evaporation,  the  same  results 
are  shown  in  graphic  form  on  PI.  lxxii,  appealing  more  directly 
to  the  eye.  On  this  diagram  the  average  depth  of  evaporation 
each  day  is  shown  in  full  scale  by  the  height  of  the  little 
column.  The  full  black  columns  represent  the  results  obtained 
in  1889,  and  the  cross-hatched  columns  those  for  1890. 

HYDROGRAPHY  OF  THED  RAIN  AGE  BASINS. 

In  each  of  the  basins  in  which  the  hydrographic  work  of 
the  Survey  has  been  carried  on  the  operations  were  placed  in 
charge  of  young  men  educated  as  engineers  and  trained  for 
this  particular  purpose.  These  hydrographers,  as  they  were 
titled,  were  empowered  to  employ  suitable  assistants  and  were 
erven  general  instructions,  but  these  were  sufficiently  broad  to 
allow  each  man  to  conduct  the  work  in  his  basin  in  accordance 
with  the  necessary  local  conditions,  and  to  exercise  such  choice 
of  methods  as  should  beget  a  personal  pride  in  his  own  under¬ 
takings.  Reports  were  made  periodically  to  the  Office  at 
Washington  showing  the  progress  of  the  work,  and  an  exam- 
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ination  of  these  led  to  more  detailed  instructions  and  inquiries 
from  time  to  time,  as  the  assistant  engineer  in  charge  of  the 
work,  Mr.  F.  H.  Newell,  deemed  advisable.  It  is  from  these 
monthly  reports  that  the  following  description  of  the  hydro¬ 
graphy  of  each  basin  and  the  results  there  obtained  have  been 
compiled,  the  substance  and  sometimes  the  wording  of  the 
reports  being  given. 

In  the  Yellowstone  and  upper  Missouri  Basin  the  work  was 
under  Mr.  J.  B.  Williams ;  in  the  Arkansas,  under  Mr.  Robert 
Robertson,  assisted  by  R.  P.  Irving ;  in  the  Rio  Grande,  under 
Mr.  George  T.  Quinby,  succeeded  later  by  Mr.  H.  M.  Dyer, 
who  was  assisted  by  William  B.  Lane.  On  the  lower  Rio 
Grande,  at  El  Paso,  was  an  observing  station  almost  entirely 
detached  from  the  work  ot  the  upper  river;  the  operations 
there  were  conducted  under  the  supervision  of  Maj.  Anson 
Mills,  U.  S.  Army,  who  employed  Mr.  H.  P.  Croft  to  take 
direct  charge  of  the  details.  In  the  Gila  Basin  Mr.  AY.  A. 
Parish  had  charge  of  the  work,  and,  in  addition  to  the  stream 
gauging,  supervised  a  large  number  of  measurements  of  rain¬ 
fall  and  evaporation.  In  the  basins  of  the  Truckee  and  Carson, 
in  Nevada,  Mr.  William  P.  Trowbridge,  jr.,  conducted  the 
operations  ;  and  in  the  Salt  Lake  and  the  Sevier  Basins,  in 
Utah,  Air.  T.  M.  Bannon  was  in  charge.  In  the  upper  Snake, 
in  Idaho,  Mr.  L.  D.  Hopson  took  charge  during  the  spring  of 
1890,  and  after  his  death  by  a  deplorable  accident  at  Eagle 
Rock,  he  was  succeeded  by  Mr.  F.  M.  Smith,  who  up  to  that 
time  was  conducting  the  measurements  in  the  lower  Snake 
Basin. 

In  the  following  pages  a  short  description  is  given  of  each 
drainage  basin  in  turn  and  of  the  localities  at  which  stream 
measurements  were  made,  together  with  remarks  upon  any 
peculiarity  or  modifying  circumstance. 

The  results  of  these  measurements  are  given  in  a  concise 
form  in  the  tabulations  beginning  on  page  93,  where  are  shown 
the  maximum  and  minimum  daily  flows,  as  well  as  the  mean 
oi  average  of  all  the  days  of  the  month.  The  maximum  is 
not  the  greatest  flow  for  any  one  second  or  minute,  but  is  the 
average  flow  on  the  day  which  had  the  greatest  total  dis- 
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charge.  During  this  day,  therefore,  there  was  probably  a 
short  period  during  which  the  rate  of  flow  was  far  greater  than 
shown  by  this  maximum. 

Besides  the  discharge  in  second-feet,  there  is  given  the  total 
for  the  month  in  acre-feet.  This  is  obtained  by  multiplying 
the  mean  of  the  discharge  for  the  month  by  the  number  of 
seconds  in  each  month  and  dividing  by  43,560,  the  number  of 
cubic  feet  in  an  acre-foot.  I  rom  the  result  thus  obtained  the 
depth  of  run-off  for  the  entire  basin  is  calculated. 

YELLOWSTONE  BASIN. 

The  Yellowstone  River  lias  its  source  in  the  high  mountains 
of  northwestern  Wyoming  and  flows  northerly  through  the 
National  Park,  receiving  numerous  tributaries  and  forming  on 
its  way  the  lake  of  the  same  name.  At  the  outlet  of  the  lake 
the  catchment  area  is  about  1,300  square  miles,  embracing  in 
this  extent  many  lofty  peaks  over  10,000  feet  in  altitude,  some 
of  which  are  nearly  destitute  of  soil.  In  general,  however, 
this  basin  may  be  said  to  be  heavily  timbered ;  the  mean 
elevation  is  approximately  9,000  feet.  Judging  from  the 
accounts  of  men  who  have  been  longest  in  that  country,  the 
annual  precipitation  probably  amounts  to  over  30  inches,  the 
major  part  falling  as  snow.  The  land  bordering  the  streams 
has  a  decided  slope,  even  precipitous,  causing  the  melting 
snow  to  run  off  rapidly. 

Measurements  of  the  discharge  of  the  lake  have  been  made 
at  various  times  with  the  following  results: 


Second-feet. 

Aug.  25,  1875,  Henry  Gannett1,  by  floats .  1,200 

Sept.  1,  1886,  Dr.  Wm.  Hallock,  by  meter . . .  1,525 

Sept.  7,  1886,  W.  H.  Weed,  by  meter . ' .  1,016 

Oct.  9,  1889,  J.  B.  Williams,  by  meter .  583 


All  of  the  above  measurements  were  made  at  times  of  low 
water  and  in  unusually  dry  years. 

From  the  lake  the  river  glides  gently  for  15  miles  northerly 
before  entering  the  Grand  Canyon  of  the  Yellowstone.  Through 


1  For  general  description  see  U.  S.  Geol.  and  Geog.  Survey,  Hayden,  1878,  part  II, 
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this  and  the  lower  canyons  it  flows  fully  50  miles  before  reach¬ 
ing-  open  country,  receiving-  on  its  way  numerous  tributaries, 
the  most  important  of  which  are  Lamar  River,  or  East  Fork, 
and  Gardiner  River.  About  10  miles  up  this  canyon,  near  the 
town  of  Horr,  the  permanent  gauging  station  of  the  Survey  was 
established,  where  the  total  discharge  of  the  river  above  all 
possible  irrigating  canals  is  obtained.  Measurements  were  be¬ 
gun  on  August  12,  1889,  and  continued  at  intervals  during-  the 
rest  of  the  year.  In  the  following  March  the  station  was 
moved  about  a  quarter  of  a  mile  lower  down  and  the  work  con¬ 
tinued.  The  width  of  the  river  here  is  150  feet,  the  cross-section 
is  excellent,  the  river  being-  of  nearly  uniform  width  above  and 
below,  the  bed  rocky  and  firm,  and  with  banks  of  sufficient 
height  to  prevent  overflow  in  high  water.  The  average  daily 
mean  discharge  per  month  is  given  in  the  accompanying  tabula¬ 
tions.  The  conspicuous  feature  of  this  is  the  great  annual  flood, 
caused  by  the  melting  of  the  snows  accumulated  during  the 
winter.  This  rises  rapidly  during  May,  culminates  in  the  lat¬ 
ter  part  of  that  month  or  in  June,  and  falls  off  almost  entirely 
in  July.  There  are  numerous  minor  fluctuations,  doubtless 
due  to  alterations  of  temperature,  retarding  or  hastening  the 
thawing.  Other  floods,  as  from  heavy  storms,  are  exceptional, 
the  lake  acting  as  a  regulator.  None  occurred  during  the  last 
year. 

The  total  drainage  area  above  the  Horr  station  is  approxi¬ 
mately  2,700  square  miles,  with  a  mean  elevation  of  8,000  feet, 
and  in  general  character  is  similar  to  the  catchment-area  basin 
above  the  lake. 

From  the  mouth  of  the  canyon,  10  miles  below  Horr,  to 
Springdale,  a  distance  of  about  70  miles,  the  river  flows  in  a 
narrow  valley  one-half  to  one  mile  in  width,  with  bench  lands 
of  small  extent  at  an  elevation  of  from  50  to  200  feet  above  the 
river. 

The  river  itself  varies  from  200  to  300  feet  in  width,  has  a 
rapid  fall,  causing  a  swift  current,  and  carries  little  or  no  sedi¬ 
ment  except  in  flood  season.  The  bed  of  the  stream  is  rocky, 
being  composed  of  stones  the  size  of  ordinary  paving  stones, 
and  the  banks  are  low  and  gravelly.  The  river  is  frequently 
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beset  with  small  islands.  Along’  the  valley  are  cultivated  lands 
irrigated  from  some  12  or  15  small  streams  heading  in  the 
mountains  8  or  10  miles  from  the  river. 

At  Springdale  a  few  measurements  of  discharge  were  made 
in  the  fall  of  1889,  giving  the  following  results: 


Discharge, 

second-feet. 

Aug.  24,  1889 . 2,111 

Sept.  5,  1889 .  1,931 

Oct.  3,  1889 .  1,581 


It  was  not  deemed  advisable  to  establish  a  permanent  station 
here,  as  that  at  Horr  gave  the  flow  with  an  accuracy  sufficient 
for  all  demands. 

UPPER  MISSOURI  BASIN. 

The  Missouri  is  formed  by  the  union  of  the  three  rivers  Gal¬ 
latin,  Madison,  and  Jefferson,  all  rising  in  the  order  given  west 
of  the  National  Park  and  flowing  northerly  from  the  Conti¬ 
nental  Divide,  which  at  that  place  turns  off  abruptly  to  the 
west.  The  catchment  areas  of  these  rivers  are  somewhat  simi¬ 
lar  in  character,  being  in  the  main  timbered  mountain  lands, 
with  steep  slopes  scantily  covered  with  soil,  the  minor  basins, 
however,  becoming  more  open  and  less  elevated  toward  the 
western  or  Jefferson  drainage. 

GALLATIN. 

The  west  or  main  branch  of  the  Gallatin  heads  in  the  north¬ 
western  corner  of  the  park,  in  a  number  of  small  lakes,  of  which 
that  of  the  same  name  as  the  river  has  an  elevation  of  8,900 
feet.  The  river  has  a  rapid  fall,  flowing  with  swift  current 
through  short  and  narrow  valleys,  in  a  rocky  channel  and  be¬ 
tween  high  banks,  the  greater  part  of  its  course  being  in  gorges. 
Its  width  just  before  emerging  from  the  mountains  is  from  100 
to  150  feet.  It  finally  issues  from  its  canon  upon  a  broad,  fer¬ 
tile  plain,  the  greater  portion  of  which  lies  between  the  East 
and  W est  Gallatin  Rivers  and  the  foothills  of  the  mountains — 
a  magnificent  stretch  of  country  containing  over  250  square 
miles  of  the  richest  farming  land  in  the  State. 
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The  greater  part  of  this  is  quite  level,  while  the  rough  places 
are  not  too  broken  tor  irrigation.  The  country  on  the  left  or 
west  consists  of  light,  rolling  land,  of  which  probably  one-third 
could  be  reclaimed  by  irrigation. 

The  river  still  has  a  rapid  fall  and  swift  current,  the  slope 
being  about  25  feet  to  the  mile.  The  banks  are  low  and  com¬ 
posed  of  gravel,  as  is  also  the  bed  of  the  stream.  The  river 
divides  into  numerous  channels,  forming  small  islands,  and  in 
the  lower  part  of  its  course  there  are  many  sloughs  and  a  few 
swamps.  The  elevation  of  the  land  in  the  valley  is  from  4,100 
to  5,400  feet.  There  is  one  large  canal  taken  out  of  the  West 
Gallatin  River,  claiming  an  appropriation  of  150  second  feet, 
but  it  does  not  carry  over  100  second  feet.  The  head  gate  of 
this  canal  is  about  a  half  mile  above  the  mouth  of  the  gorge. 

The  gauging  station  is  located  at  the  mouth  of  the  canyon,  a 
few  hundred  feet  below  Spanish  Creek.  It  is  above  the  head- 
gates  of  the  high-line  canal  which  runs  northeasterly  to  Boze¬ 
man,  20  miles  distant.  The  bed  of  the  river  is  rocky  and  not 
liable  to  wash  out,  the  banks  high  and  steep,  the  river  straight 
and  of  nearly  uniform  width,  in  every  way  suitable  for  stream 
measurements.  The  results  of  the  measurements  are  given  in 
the  appended  tabulation. 

MADISON. 

The  Madison  River  also  rises  in  the  National  Park,  receiv¬ 
ing  the  drainage  of  the  Geyser  Basins  through  the  Fire  hole 
River.  The  upper  catchment  area,  while  similar  to  that  of  the 
Yellowstone  and  Gallatin,  is  perhaps  less  steep  and  less  heavily 
wooded.  After  leaving  the  mountains,  the  river  enters  the 
narrow,  fertile  Madison  Valley.  This  open  land  has  a  length 
of  about  40  miles,  is  from  three-quarters  to  one  and  one-half 
miles  wide,  bounded  by  benches  on  either  side ;  the  elevation 
is  a  little  over  5,000  feet.  The  fall  of  the  river  is  approxi¬ 
mately  18  feet  per  mile,  the  channel  rocky  or  gravelly,  the 
banks  generally  low  on  the  right-hand  side  and  rising  in  high 
bluffs  on  the  left.  The  stream  is  usually  clear  and  nearly  free 
from  sediment,  excepting  in  flood.  Little  of  the  water  used 
for  irrigation  in  this  valley  is  taken  from  the  river,  but  most  of 
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it  from  the  various  small  creeks  flowing  from  the  Madison  range 
on  the  east  and  from  the  J efferson  range  on  the  west. 

At  the  lower  end  of  the  valley  the  river  again  enters  a  canyon, 
about  10  miles  in  length,  and  finally  debouches  upon  tliev 
western  prolongation  of  the  Gallatin  Valley,  which  it  crosses  to 
join  the  other  rivers  informing  the  Missouri.  In  the  lower  end 
of  the  canyon,  at  a  point  below  the  mouth  of  Hot  Spring  Creek 
and  4  miles  from  the  town  of  lied  Bluff,  is  located  the  gauging 
station  of  this  Survey,  at  what  is  known  as  Hayward  Bridge. 
The  river  here  has  a  swift  current  and  a  rocky  bed,  with  a  high 
bank  on  the  left  and  a  low  one  on  the  right. 

This  river  is  more  constant  in  its  flow  than  is  usually  the 
case  with  rivers  of  the  arid  region,  its  steadiness  being  due 
primarily  to  the  perennial  supply  from  the  hot  springs  in  the 
National  Park. 

JEFFERSON. 

The  Jefferson  has  a  much  larger  but  lower  catchment  basin 
than  the  two  rivers  just  mentioned,  the  average  elevation  prob¬ 
ably  being  not  over  6,000  feet.  The  valleys  are  broader,  open 
country  extending  nearly  the  whole  distance  from  the  junction 
of  the  three  rivers  up  to  the  point  where  the  Jefferson  is,  in 
turn,  formed  by  the  union  of  the  Big  Hole  and  Beaver  Head 
Rivers.  These  valleys  are  fairly  well  settled,  but  the  population 
is  somewhat  scattered. 

On  August  19,  1889,  the  river  was  discharging  at  Willow 
Creek,  202  second  feet,  and  on  October  15,  at  Three  Forks, 
333  second  feet.  There  is  no  permanent  gauging  station  on 
the  Jefferson  itself,  the  work  being  confined  to  measurements 
of  Red  Rock  Creek,  at  the  town  of  Red  Rock,  on  the  Utah  and 
Northern  Railroad.  At  this  point  the  bed  is  of  gravel,  the 
banks  about  4  feet  high  and  the  channel  very  tortuous.  This 
locality  was  selected  from  the  fact  of  its  being  one  of  the 
places  on  the  river  which  were  not  dry  during  the  summer  in 
1888  and  1889.  This  creek  is  the  headwaters  of  the  Missouri, 
or,  in  other  words,  is  the  stream  which  is  farthest  removed 
from  the  mouth  of  the  river,  as  the  water  flows.  It  rises  in  a 
loop  in  the  Continental  Divide,  about  15  miles  west  of  the 
National  Park,  and  continues  nearly  due  west  for  60  miles 
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before  turning1  northerly,  passing-  on  its  way  through  the 
elevated  and  open  Red  Rock  Valley. 

A  comparison  of  the  discharges  of  these  three  rivers,  the 
Gallatin,  the  Madison,  and  the  Jefferson,  is  interesting  as  show¬ 
ing  the  low-water  discharge  of  1889  into  the  Missouri.  In  the 
following  table  are  given  the  results  of  gaugings  made  on  the 
three  streams  at  about  the  same  time  in  August  and  again  in 
October.  In  the  last  column  is  given  the  run-off  in  second- 
feet  for  each  mile  of  drainage  area  obtained  by  dividing  the 
discharge  in  second  feet  by  the  number  of  square  miles  of 
catchment  above  the  gauging  point. 


Comparison  of  discharges. 


Date. 

River. 

Discharge. 

Area. 

Discharge 
per  square 
mile. 

1889. 
Aug.  16 
Oct.  14 
Aug.  17 
Oct.  14 
Aug.  19 
Oct.  15 

West  Gallatin . 

_ do . 

Madison . 

—  do . 

Jefferson  . 

—  do . 

Sec. -feet. 
437 

402 

1,104 

1,191 

202 

333 

Sq.  miles. 
850 

850 

2,085 

2,085 

9,450 

9, 450 

Sec. -feet. 
•51 
•47 
•53 
•57 
•02 
■03 

THE  MISSOURI  RIVER. 

The  Missouri  River,  formed  by  the  union  of  the  three 
streams  above  mentioned,  flows  north  from  Three  Forks  about 
20  miles  before  reaching  an  open  valley.  This  valley,  at  the 
head  of  which  is  Toston,  is  over  40  miles  in  length  and  has 
good  bench  land  on  either  side.  At  the  lower  or  northern  end 
of  the  valley  the  river  enters  a  narrow  gorge  or  canyon  about 
60  miles  long,  the  sides  of  which  are  timbered  and  have  highly 
inclined  slopes.  Issuing  from  this  canyon,  the  river  flows 
through  a  narrow  valley,  which  broadens  out  occasionally. 
On  the  west  side,  beginning  near  Cascade,  are  wide,  flat  bench 
lands,  of  immense  area,  50  to  300  feet  above  the  water,  extend¬ 
ing,  with  occasional  breaks,  for  several  hundred  miles  down 
the  river.  Between  Three  Forks  and  the  mouth  of  the  Dear¬ 
born  River  no  large  tributaries  are  received,  the  streams  which 
enter  between  these  points  being  short  and  carrying  a  small 
amount  of  water,  except  in  flood. 
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The  current  of  the  river  is  sluggish  in  low  water,  the  fall 
being  only  about  4  feet  to  a  mile;  its  width  varies  from  300 
to  450  feet;  the  bed  is  rocky  or  of  gravel,  as  are  also  the 
banks.  It  carries  little  sediment  except  in  high  water,  fre¬ 
quently  forms  small  islands,  and  is  fordable  at  many  points 
in  low  water.  Few  ditches  are  taken  from  the  river  and  these 
are  of  small  size.  The  elevation  of  the  agricultural  land  varies 
from  3,700  to  3,900  feet,  that  of  the  benches  in  the  vicinity  of 
Great  Falls,  from  3,400  to  3,500  feet. 

Measurements  of  discharge  have  been  made  at  three  places 
on  the  river:  (1)  at  Toston,  at  the  head  of  the  valley,  20 
miles -below  Three  Forks;  (2)  at  Canyon  Ferry,  at  the  lower 
end  of  the  same  valley,  nearly  40  miles  below  Toston;  and 
(3)  at  Craig,  about  40  miles  farther  down. 

A  station  was  located  at  Toston  on  account  of  the  ferry  at 
that  place,  it  being  the  only  point  convenient  of  access  on  that 
part  of  the  river.  The  section  was  found  to  be  far  from  good, 
however,  and  the  results  did  not  give  entire  satisfaction.  The 
measurements  are  herewith  given. 


Date. 

Discharge. 

Drainage 

area. 

Run-off 
per  square 
miie. 

1890. 
April  8 
May  6 
May  13 
June  6 
July  4 
July  26 

Sec.-feet. 

3,843 

12,377 

14,440 

13,745 

6,838 

3,697 

Sq.  miles. 
14,280 
14,280 
14,280 
14,280 
14,280 
14,280 

Sec.-feet. 

0-27 

•86 

1-01 

•96 

•48 

•26 

At  Canyon  Ferry,  18  miles  from  Helena,  a  temporary  station 
was  established  in  the  latter  part  of  August,  1889,  and  con¬ 
tinued  through  the  succeeding  three  months.  The  location 
was  favorable  for  obtaining  the  low-water  discharge,  but  during 
the  spring  and  early  summer  floods  the  stream  flows  in  two 
channels ;  accordingly,  before  the  next  field  season  the  equip¬ 
ment  was  moved  farther  down  the  river  to  a  point  more  con¬ 
venient  of  access  and  better  suited  for  current  meter  measure¬ 
ments. 

The  station  at  Craig  was  put  in  operation  April  18,  1890. 
The  river  at  this  point  is  of  nearly  uniform  width,  is  straight 


IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 


43 


for  a  short  distance  above  and  below  the  section,  and  has  a 
good  gravel  bed. 

THE  SUN  RIVER. 

The  mountain  catchment  area  of  the  Sun  River  lies  at  an  eleva¬ 
tion  of  from  4,500  to  7,000  feet.  It  is  heavily  timbered  and  has 
highly  inclined  slopes  well  covered  with  soil.  The  total  drainage 
area  is  estimated  to  be  2,240  square  miles.  The  river  has  a  fall 
of  about  40  feet  to  the  mile,  a  rocky  bed,  banks  generally  high, 
but  in  some  cases  low,  with  bluffs  on  at  least  one  side  of  the 
river.  It  frequently  flows  through  narrows,  canyons,  and  deep 
gorges,  and  is  free  from  sediment  except  in  flood  season.  Below 
the  catchment  area  the  river  flows  through  a  narrow  valley, 
having  an  elevation  of  from  3,300  to  3,800  feet,  with  broad 
bench  lands  on  the  left  bank,  extending  to  the  Missouri  River 
on  the  east  and  to  the  Teton  River  on  the  north.  On  the  right 
or  south  bank  the  bench  lands  are  more  limited  in  area,  but  are 
nevertheless  of  large  extent.  A  portion  of  the  country  is  rough 
and  broken,  with  “flats”  here  and  there.  . 

The  regular  floods  are  caused  by  the  melting  of  the  snows 
in  the  mountains,  which  sometimes  disappear  with  great  rapid¬ 
ity,  due  to  the  “  Chinook  wind.”  The  snows  which  fall  in 
April  and  May  are  melted  by  the  warm  rains  before  they  be¬ 
come  consolidated,  and  thus  irregular  and  overwhelming  floods 
are  liable  to  occur.  The  water  for  irrigation  is  taken  out  by 
means  of  small  ditches  only.  There  is  one  g'ood-sized  ditch 
partially  completed,  on  which  no  work  has  been  done  for  the 
last  two  years. 

The  gauging  station  is  about  18  miles  above  the  town  of 
Augusta  and  58  miles  from  Craig,  the  most  convenient  railroad 
station,  and  it  is  above  all  the  irrigating'  ditches.  Measurements 
were  begun  August  5, 1889,  and  carried  on  during  September, 
October,  and  November.  In  the  following  spring  a  better 
locality  was  chosen  about  200  yards  below,  and  observations 
of  height  and  discharge  begun  on  April  1.  The  area  of  catch¬ 
ment  above  the  gauging  station  is  about  1,175  square  miles. 
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CACHE  LA  POUDRE  BASIN. 

The  gauging  station  on  the  Cache  la  Poudre  was  constructed 
in  the  spring  of  1884  under  the  supervision  of  Mr.  E.  S.  Nettle- 
ton,  at  that  time  State  engineer  of  Colorado.  A  record  ot  the 
amount  of  water  passing  this  station  has  been  kept,  usually 
from  March  to  October  of  each  year,  since  that  time,  giving  the 
longest  record  yet  obtained  of  the  annual  fluctuations  of  any 
stream  in  this  part  of  the  arid  region.  During  1889  this  Survey 
cooperated  with  the  State  engineer  in  continuing  the  work  at 
this  important  point  to  preserve  an  unbroken  record  of  the 
summer  discharge.  The  station  is  about  a  half  mile  above  the 
mouth  of  the  canyon,  and  12  miles  above  Fort  Collins.  A 
description  of  the  station,  the  equipment  and  self-registering 
height  gauge  or  milometer,  together  with  results,  may  be  found 
in  the  second,  third,  and  fourth  biennial  reports  of  the  State 
Engineer  to  the  governor  of  Colorado. 

The  results  obtained  here  are  of  more  than  local  interest ; 
they  may  be  taken  as  in  a  certain  degree  representative  of  the 
condition  of  other  streams,  not  only  in  Colorado,  but  over  a 
large  portion  of  the  arid  region,  in  the  gradual  decrease  of  dis¬ 
charge  during  the  last  few  years,  culminating  in  the  unusually 
dry  seasons  of  1888  and  1889,  when  there  was  great  loss  and 
even  suffering  in  many  settlements  in  Colorado,  New  Mexico, 
and  Utah,  due  to  shortage  of  water  and  failure  of  crops. 

The  mean  discharge  of  the  several  years,  as  obtained  by  the 
State  engineer  and  by  this  Survey,  is  given  in  the  tabulations 
further  on. 

In  the  following  table  of  the  average  daily  flow  by  months 
the  great  decrease  from  year  to  year  can  be  seen  by  inspection. 

Mean  discharge  of  Cache  la  Poudre  River  in  second-feet. 


Year. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

1884 . 

219 

2,537 

4,812 

2,144 

792 

305 

1885 . 

447 

1,41<> 

2,910 

1,857 

657 

272 

1886 . 

405 

1,309 

1,875 

717 

338 

185 

1887 . 

1,401 

735 

307 

175 

1888 . 

isi 

483 

1,113 

420 

213 

109 

1889 . 

113 

649 

1,338 

514 

187 

67 

1890 . 

200 

1,044 

1,280 

G49 

287 

103 
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THE  ARKANSAS  BASIN. 

The  Arkansas  is,  in  many  respects,  a  typical  river  of  the  arid 
region,  in  both  its  topography  and  regimen.  Geographically, 
it  is  intermediate  between  the  large  rivers  of  Montana,  with 
their  superabundant  water  supply  and  regular  spring  floods,  and 
those  of  Arizona,  with  usually  small  flow  and  spasmodic,  disas¬ 
trous  deluges  in  the  late  fall  or  winter  months.  It  rises  in  the 
snow-mantled  mountain  slopes  of  central  Colorado  in  an  area 

from  about  5,000  feet  at  the  eastern  base  to 
10,000  on  the  west,  and  dotted  over  with  peaks  rising  to  14,000 
feet  above  sea  level. 

At  the  higher  altitudes  (above  10,000  feet)  most  of  the  pre¬ 
cipitation  is  in  the  form  of  snow,  which  accumulates  from  Octo¬ 
ber  to  April.  The  melting  of  this  snow  is  the  source  of  water 
for  the  river  during  the  irrigating  months  of  spring  and  early 
summer.  The  snow  falls  frequently,  and  the  winds  blow  it 
into  the  gulches  and  ravines  until  these  are  often  filled  to  a 
depth  ot  50  or  more  feet.  Were  the  snow  uniformly  spread  on 
the  ground  a  large  portion  would  evaporate  without  melting  or 
v  ould  melt  much  more  rapidly  in  the  spring,  causing  higher 
and  shorter  floods  than  is  now  the  case.  Though  as  a  whole 
this  portion  of  the  arid  belt  is  denied  a  rainfall  sufficient  for  the 
needs  of  agriculture,  this  condition  is  somewhat  ameliorated  by 
the  fact  that  the  mountain  areas  receive  more  than  their  share 
ot  moisture  in  the  form  of  snow.  This,  being  stored  up  during 
the  time  of  the  year  when  not  needed  and  loosed  when  the 
requirements  of  irrigation  demand,  is  borne  downward  by  the 
rivers  to  be  delivered  on  the  land  by  the  irrigators  in  such  time, 
quantity,  and  place  as  are  needed.  At  present  there  is  a  time 
of  scarcity  in  early  spring  and  in  July  and  early  August,  and  it 
is  the  inability  to  get  water  at  this  time  that  limits  agricultural 
development.  To  supplement  the  action  of  nature,  storage 
reservoirs  are  built  to  furnish  water  in  these  months. 

Above  Canyon  City,  Colorado,  the  Arkansas  River  has,  in 
the  main,  the  character  of  a  mountain  torrent,  descending  from 
an  altitude  of  10,000  feet  near  Leadville  to  5,300  feet  near 
Canyon  City,  a  distance  of  120  miles.  Below  that  point  it  be- 
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gins  to  traverse  the  Great  Plains,  and  assumes  a  different  type; 
its  gradient  is  diminished,  its  breadth  increases,  and,  owing  to 
its  reduced  velocity,  it  assumes  a  sinuous  course.  With  this 
lessened  velocity  it  is  unable  at  ordinary  stages  to  carry  the 
load  of  detritus  collected  in  the  more  rapid  portion  above,  and 
this  is  deposited,  forming  low,  sandy  banks  and  bars,  blocking 
the  course  and  causing  the  stream  to  shift  its  bed.  But  at  high 
stages  this  material  is  again  caught  up,  the  banks  are  eaten 
away,  and  the  loops  are  sometimes  cut.  Very  considerable 
changes  of  channel  are  thus  produced  by  a  single  flood.  Owing 
to  this  instability  of  the  bed  and  banks  of  this  portion  of  the 
river,  dams  and  other  headworks  for  irrigating  canals  are  con¬ 
structed  and  maintained  with  difficulty. 

On  the  headwaters  of  the  river  are  eight  gauging  stations, 
located  chiefly  at  points  where  the  results  will  be  of  greatest 
value  in  any  discussion  of  storage  problems.  At  these  altitudes 
the  climate  is  too  cold  for  crops  to  mature,  except  hay,  of  which 
but  one  cutting  is  made  in  a  season. 

The  first  and  highest  of  these  gauging  stations  is  on  the  East 
Fork  of  the  river,  about  3  miles  north  of  Leadville,  at  the  out¬ 
let  of  a  reservoir  site  examined  by  this  Survey  in  1889.  The 
next  is  on  the  Tennessee  Fork,  about  5  miles  from  Leadville 
and  4  mile  from  its  junction  with  the  East  Branch.  The  third 
station  is  on  Lake  Fork,  about  6  miles  from  Leadville. 

About  10  miles  below  the  union  of  the  forks  there  is,  on  the 
main  river,  a  fourth  station,  1^  miles  below  Hayden,  a  stop¬ 
ping  place  on  the  Denver  and  Rio  Grande  Railroad.  At  this 
point  are  to  be  the  headworks  of  the  diversion  canal,  outlined 
in  the  report  of  Mr.  S.  H.  Bodfish,  Division  Engineer,  to  take 
the  water  from  the  river  around  the  base  of  the  hills  into  the 
Twin  Lakes  Reservoir  site.  Gaugings  are  also  carried  on  be¬ 
low  the  outlet  of  these  lakes  to  obtain  the  present  discharge. 

The  sixth  station  is  on  Clear  Creek,  the  next  tributary  com¬ 
ing  in  from  the  west,  about  4  miles  below  Twin  Lake  Creek. 
The  measurements  are  made  a  few  hundred  yards  above  the 
place  where  it  empties  into  the  Arkansas.  The  two  remaining 
gauging  stations  are  on  Cottonwood  Creek,  a  stream  which 
enters  also  from  the  west  about  15  miles  below  Clear  Creek. 
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The  measurements  are  made  on  the  Middle  and  South  Forks 
just  above  their  junction  and  about  7  miles  from  the  town  of 
Buena  Vista.  These  branches  are  typical  mountain  streams — 
their  fall  is  rapid  and  the  channels  are  blocked  by  bowlders  and 
fallen  timber,  rendering  it  a  matter  of  difficulty  to  find  a  place 
suitable  for  gauging. 

Measurements  were  begun  in  the  spring  of  1890,  as  soon  as 
the  roads  were  opened,  and  were  carried  on  continuously.  The 
results  obtained  are  shown  in  the  following  table : 

Mean  discharges  of  tributaries  of  Arkansas  River  above  Canyon  City,  Colo.,  1890, 

in  second  feet. 


April. 

May. 

June. 

July. 

Aug. 

Drain¬ 

age 

area. 

East  Fork . 

*46 

213 

224 

103 

46 

Sq.  m. 
44 

Tennessee  Fork  . 

*239 

141 

64 

73 

38 

A  A 

Lake  Fork . 

*75 

324 

243 

35 

21 

Twin  Lake  Creek . 

*24 

252 

552 

365 

I7fi 

102 

Clear  Creek . 

187 

356 

238 

98 

72 

Middle  Fork  Cottonwood. . . 

*26 

S3 

121 

70 

25 

37 

South  Fork  Cottonwood  .... 

*10 

71 

121 

98 

53 

28 

*  Month  not  complete. 


The  principal  station  on  the  Arkansas  River  is  near  Canyon 
City.  This  was  located2  in  the  spring  of  1888  by  the  State 
Engineer  of  Colorado  at  a  foot  bridge  crossing  the  river  near 
the  Hot  Springs  Hotel,  about  2  miles  above  town.  Previously 
gaugings  had  been  made  farther  down  the  river,  at  Pueblo  in 
1885  and  1886,  and  at  a  point  9  miles  above  Pueblo  in  1887, 
but  both  of  these  places  had  been  abandoned  as  unsuitable 
from  the  frequent  change  of  cross-section.  In  1889  the  Can¬ 
yon  City  station  was  reestablished  by  this  Survey  and  work 
carried  on  continuously  from  that  time.  The  discharge  at  this 
point  gives  the  flow  of  the  river  little  diminished  by  diver¬ 
sions  for  irrigation,  as  at  this  locality  the  stream  makes  its  exit 
from  the  mountains.  Above  this  point  there  is  comparatively 
little  irrigation  and  there  are  small  possibilities  of  future  de¬ 
velopment  of  it,  in  the  few  small  patches  of  land  adjacent  to 
the  river.  The  channel  here  is  straight  for  several  hundred 
yards  both  above  and  below,  the  current  is  neither  too  swift 


5See  Fourth  Biennial  Report  of  the  State  Engineer  to  the  Governor  of  Colorado, 
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at  high  water  rior  too  sluggish  at  low  water  for  satisfactory 
work  with  the  current-meter,  and  the  banks  are  ot  a  height  to 
retain  the  floods. 

A  comparison  of  the  mean  discharge  by  months  lor  the  past 
three  years  gives  some  suggestions  of  the  range  in  discharge 
of  the  river  at  this  point. 

Mean  discharge  of  Arkansas  River  at  Canyon  City,  Colorado,  in  second-feet. 


Year. 

April. 

May. 

June. 

July. 

Aug. 

Sept. 

1888  . . . 

1,440 

2, 090 

1,350 

932 

605 

1889 . 

300 

600 

1,374 

602 

340 

220 

1890 . 

477 

2,090 

2,611 

1,571 

670 

519 

Below  Canyon  City  the  Arkansas  River  receives  ordinarily 
but  little  water  from  its  tributaries,  though  in  summer  there 
are  occasional  very  violent  floods  due  to  storms,  locally  called 
u  cloud-bursts,”  on  the  plains  or  in  the  loot-hills.  These 
storms  do  much  damage  and  but  little  good.  The  downpour 
is  very  great  for  an  hour  or  two,  and,  falling  on  the  bare, 
baked  earth,  the  rainwater  runs  ofl‘  so  rapidly  that  it  only 
serves  to  swell  the  streams  to  abnormal  proportions  and  to 
sweep  away  dams,  bridges,  and  other  structures  in  its  course. 
The  amount  of  water  precipitated  by  these  storms  is  large, 
but  its  utilization  presents  great,  if  not  insurmountable,  diffi¬ 
culties.  They  occur,  however,  at  the  time  when  water  is 
scarce  and  very  much  needed,  and  it  only  a  small  portion  ol 
their  waters  could  be  stored  it  would  be  a  great  boon  to  the 
country.  The  principal  difficulties  to  be  overcome  arise  from 
the  fact  that  the  area  over  which  a  given  storm  will  extend  is 
very  limited  and  the  time  of  occurrence  exceedingly  irregular. 
A  reservoir  site  might  have  such  a  storm  in  its  drainage  area 
one  year  and  none  for  several  successive  years.  The  violence 
of  these  storms,  when  they  do  occur,  is  such  that,  even  it  dams 
can  be  constructed  sufficiently  strong  to  withstand  the  force  of 
the  torrents,  it  is  to  be  feared  that  their  cost  will  be  too  great, 
since  there  is  no  certainty  of  filling  them  every  year,  and, 
owing  to  the  large  amount  of  debris  carried  by  such  waters, 
the  reservoirs  would  silt  up  very  rapidly.  On  the  other  hand, 
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if  the  storage  could  be  made,  water  would  be  available  at  a  time 
of  the  year  when  it  is  much  needed. 

In  the  summer  of  1889,  after  one  of  these  storms,  the  Arkan¬ 
sas  River  at  Lamar,  Colorado,  discharged  enough  water  in  24 
hours  to  keep  the  river  at  a  height  sufficient  for  all  the  needs 
ot  irrigation  for  more  than  one  month  if  it  had  been  gradually 
supplied  to  the  stream.  Instead  of  doing’  g’ood  this  storm  did 
only  harm  in  washing  out  and  carrying  away  dams,  flumes, 
and  other  similar  structures.  Within  two  days  after  the  storm 
the  river  had  resumed  about  its  ordinary  low-water  stage,  and 
within  a  week  or  so  thereafter  the  farms  within  the  area  of  the 
storm  were  suffering  for  water. 

At  Pueblo,  as  stated  above,  measurements  of  the  stream 
were  begun  by  the  State  engineer  in  18851 11  and  continued  dur¬ 
ing  the  following  year.  In  1887  the  gauging  was  done  at  a 
point  about  9  miles  above  Pueblo,  and  in  1888  discontinued 
in  favor  of  the  Canyon  City  station.  The  next  year,  however, 
this  Survey  took  up  the  work  in  the  canyon  above  Pueblo,  as 
well  as  at  Canyon  City.  These  two  localities,  nine  miles  apart, 
may  be  considered  as  one  station,  this  giving  results  for  four 
crop  seasons  with  a  break  of  an  intervening  year,  that  of  1888. 
The  short  table  below  shows,  by  eliminating  the  daily  fluctua¬ 
tions,  the  relative  discharges  for  the  various  months  in  these 
years. 

Mean  discharges  of  Arkansas  River  at  or  above  Pueblo ,  Colo.,  in  second-feet. 


Year. 

May. 

June. 

July. 

Aug. 

Sept. 

1885 . 

1,069 

3,046 

3,187 
5,569 
3,477 
2, 108 

1886 . 

1887 . 

1,724 
3, 352 
766 

1,481 

1,717 

668 

1,372 

1,129 

1889 . 

i,300 

The  falling  off  in  the  discharge  of  the  Arkansas  River  from 
1886  to  1889,  as  shown  here  and  at  Canyon  City,  finds  its 
counterpart  in  the  diminution  of  the  observed  precipitation. 
This  is  best  shown  by  the  totals  taken  from  January  to  June 
of  each  year,  the  period  which  affords  the  rain  and  snow  for 
the  May  and  June  floods.  The  data  for  Pike’s  Peak  and 

1  Third  biennial  report  State  engineer,  Colorado,  p.  172,  et.  seq. 

11  GEOL.,  PT.  2 - 4 
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Colorado  Spring’s,  a  mountain  and  a  plateau  station  ot  the 
basin,  both  exhibit  the  precipitation  diminishing  from  1886  to 

the  minimum  amount  of  1888. 

But,  while  the  precipitation  reached  its  minimum  in  1888, 
the  discharge  of  the  Arkansas  reached  its  minimum  in  1889, 
when  the  outflow  was  considerably  less  than  in  1888.  An  im¬ 
portant  circumstance  contributing  to  this  minimum  flow  of 
1889  lies  in  the  fact,  already  mentioned,  that  the  increase  of 
precipitation  shown  in  the  tables  did  not  occur  as  snowfall  in 
the  mountains,  and  consequently  did  not  contribute  to  the 
spring  floods. 

The  winter  of  1890  was  once  more  one  of  heavy  snows  in 
the  counties  (Lake,  Chaffee,  aiid  I1  remont)  embracing  the  head¬ 
waters  ot  the  Arkansas.  The  river  began  to  feel  the  effect  of 
the  melting'  snows  before  the  1st  of  May,  and  reached  its  maxi¬ 
mum  discharge  between  May  2<  and  June  4.  hhe  total  dis¬ 
charge  ot  the  river  for  the  season  has  exceeded  that  ot  1888 
and  1889,  but  has  not  equaled  that  of  1887. 

This  failure  of  the  discharge  in  1890  to  equal  that  of  1887, 
although  the  precipitation  has  probably  been  greater,  and  the 
delay  of  the  year  of  minimum  discharge  from  1888  to  1889 
illustrate  the  slowness  with  which  streams  of  large  drainage 
area  respond  to  the  annual  fluctuations  in  precipitation. 

The  Arkansas  River  begins  to  diminish  in  volume  at  about 
Gatlin,  Colorado,  40  miles  below  Pueblo,  owing  to  the  diver¬ 
sions  of  its  waters  by  irrigators  and  to  loss  by  seepage  and 
evaporation.  Below  this  point,  in  the  present  condition  of  the 
river  and  with  the  present  usages  in  administering  its  waters, 
there  is  no  certainty  that  the  farmers  will  get  sufficient  water 
in  July  and  August  for  the  needs  of  their  crops.  Just  east  of 
the  Colorado  and  Kansas  State  line  in  summer  there  is  fre¬ 
quently  no  water  visible,  though  there  is  always  more  or  less 
percolating  through  the  loose  sands  ot  the  bed. 

Below  Pueblo  attempts  were  made  in  1889  to  measure  the 
river  at  two  points,  and  also  two  tributaries,  the  Huerfano  and 
the  Purgatoire.  Owing,  however,  to  the  irregular  summer 
floods  and  constant  shifting  of  the  channels  during  and  alter 
high  water,  the  results  were  not  wholly  satisiactory.  The  two 
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lower  stations  were  La  Junta,  60  miles  below  Pueblo,  and 
Lamar,  50  miles  farther  down  and  about  35  miles  above  the 
Kansas  State  line. 

On  the  Huerfano  a  station  was  located  at  the  outlet  of  the 
Cucharas  Canyon  on  the  Hermosilla  Ranch,  20  miles  south  of 
Pueblo.  This  stream  is  subject  to  very  violent  summer  floods, 
though  its  normal  discharge  is  small.  Two  trips  were  made 
for  purposes  of  gauging,  one  in  the  latter  part  of  June  and  the 
other  on  July  30,  1889,  but  on  neither  occasion  was  there 
enough  water  flowing  in  the  bed  to  allow  the  use  of  a  current- 
meter,  the  discharge  being  from  3  to  5  second-feet.  At  La 
Junta,  in  spite  of  the  great  changes  in  contour  of  river  bed, 
the  discharge  for  any  given  height  was  fairly  constant,  and 
quite  good  results  were  obtained. 

The  station  on  the  Purgatoire  was  one  and  a  half  miles  above 
its  junction  with  the  Arkansas  and  about  the  same  distance  east 
of  the  town  of  Las  Animas.  This  stream  is  very  small  except 
at  the  time  of  melting  snows,  when  it  swells  to  a  considerable 
size,  and  after  storms  or  “cloudbursts”  of  summer,  when  it  be¬ 
comes  a  raging  torrent.  The  unstable  character  of  the  bed 
rendered  the  measurements  somewhat  unsatisfactory;  the  fol¬ 
lowing  estimates  contained  in  the  tables  of  monthly  discharges 
are,  however,  of  value,  as  showing  the  size  of  the  stream. 

At  Lamar  the  scour  and  fill  of  the  bed  of  the  Arkansas  was 
so  great  that  the  bottom  at  one  time  was  above  the  water  sur¬ 
face  of  a  later  date;  hence,  the  height  ot  the  water  referred  to 
any  permanent  bench-mark  could  have  but  little  meaning.  The 
banks  of  the  river  are  low,  the  surrounding  country  being  a 
plain  or  prairie.  The  channel  is  about  325  feet  wide  and  very 
shallow,  in  low  water  the  depth  averaging  perhaps  a  half  foot. 
Eastward  the  stream  diminishes  rapidly,  until  at  Coolidge, 
Kansas,  the  flow  sometimes  ceases  in  summer.  Lamar  being 
about  the  eastern  limit  of  Colorado  irrigation,  the  water  which 
passes  here  may  be  considered  as  waste  or  drainage.  Instead 
of  attempting  to  compute  averages  for  this  locality,  the  section 
being  so  poor,  the  results  of  measurements  only  are  given, 
viz:  May  26,  1889,  300  second-feet;  July  19,  flood  estimated 
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at  15,000  second-feet;  July  22,  851  second-feet;  August  3,  284 
second-feet;  August  7,  187  second-feet. 

In  order  to  illustrate  the  influence  of  the  rainfall  upon  the 
river  height,  the  progress  of  the  floods,  and  other  related  facts, 
there  is  given  on  PI.  lxxi  a  hydrograph  or  plot  showing  the 
fluctuations  in  river  height  from  May  to  September,  1889,  for 
the  four  stations  on  the  Arkansas,  viz,  at  Canyon  City,  Rock 
Canyon  (9  miles  above  Pueblo),  La  Junta,  and  Lamar,  and  also 
for  the  two  tributary  streams,  the  Huerfano  and  Purgatoire. 
On  the  same  page,  above  these  diagrams,  is  shown  graphically 
the  daily  rainfall  as  measured  at  twelve  stations  in  the  basin 
during  this  period.  By  studying  these  the  relative  effect  of  the 
melting  snow,  of  the  sudden  local  showers  or  “cloud-bursts,” 
and  of  periods  of  drought  can  be  seen,  as  well  as  the  progress 
of  the  floods  down  the  main  stream. 

RIO  GRANDE  BASIN. 

The  Rio  Grande  rises  in  the  mountains  of  southern  Colorado, 
flows  easterly  into  the  great  San  Luis  Valley,  then  turns  south¬ 
erly  into  New  Mexico,  traversing  that  territory  from  north  to 
south.  It  forms  for  a  few  miles  the  boundary  between  New 
Mexico  and  Texas  and  then  is  the  dividing  line  between  Texas 
and  the  Republic  of  Mexico.  From  Del  Norte  to  the  Pecos 
River  in  Texas  its  waters  are  diverted  by  hundreds  of  ditches. 
Some  of  these  are  of  great  antiquity,  dating  back  to  the  Span¬ 
ish  conquest,  and  perhaps  earlier.  Communities  and  towns  in 
Colorado,  New  Mexico,  Texas,  and  in  the  Mexican  republic  are 
dependent  for  their  life  upon  the  waters  of  this  river,  and  any¬ 
thing  that  affects  the  flow  is  of  vital  importance  to  thousands 
of  people. 

The  diversions  of  water  have  proceeded  from  the  south  up 
stream,  the  Mexicans  gradually  extending  their  settlements 
and  taking  out  small  tortuous  ditches  along  the  bottom  lands. 
Within  the  last  few  years,  however,  following  upon  the  develop¬ 
ment  of  mining  in  Colorado,  agriculture  has  been  found  very 
profitable  in  the  San  Luis  Valley,  and  canals  as  large  as,  if  not 
larger  than,  those  of  any  other  locality  in  the  United  States 
have  been  built.  The  enormous  diversions  of  water  in  this 
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valley  and  the  unusually  dry  seasons  have  resulted  in  a  dimin¬ 
ished  flow  in  the  river  below,  so  that  for  two  summers  the  bed 
ot  the  stream  has  been  dry  below  San  Marcial.  As  a  conse¬ 
quence,  loss  of  crops  and  great  suffering  have  ensued  among 
the  farmers  who  have  been  accustomed  to  depend  upon  the 
river  water. 

Such  a  succession  of  dry  years  is,  of  course,  likely  to  occur 
again,  and  even  it  the  drought  is  not  so  severe,  with  the  con¬ 
tinual  diversion  of  water  in  Colorado  and  upper  New  Mexico 
there  must  finally  come  a  time  when  scarcity  of  water  will  be 
the  rule  in  the  lower  part  of  the  Territory  and  in  Texas  and 
Mexico,  J  lie  water-storage  problem,  therefore,  is  of  momen¬ 
tous  importance,  and  a  study  of  all  the  facts  bearing  upon 
hydrography  is  demanded  at  once. 

The  investigation  of  the  water  supply  of  the  Rio  Grande 
basin  was  begun  by  the  establishment  of  river-gauging  stations 
at  Del  Norte,  Colorado,  at  Embudo,  New  Mexico,  and  at 
El  Paso,  Texas.  The  tables  of  monthly  discharges  for  these 
three  places  will  give  the  main  facts  of  the  water  measurements. 

Idle  total  amount  of  water  which  passed  Del  Norte  during 
the  year  ending  June  30,  1890,  was  0'23  cubic  miles,  or  an 
average  of  1,090  second-feet  for  the  12  months.  This  amount, 
if  distributed  uniformly  over  the  drainage  basin  above  the 
gauging  station,  would  cover  the  ground  to  a  depth  of  10i 
inches.  There  are  but  few  small  ditches  taken  out  above  Del 
Norte,  and  no  large  bodies  of  level  land,  so  that  the  results 
obtained  there  may  be  considered  as  the  total  discharge 
unmodified  by  artificial  means. 

The  distance  from  Del  Norte  to  Embudo  by  river,  omitting 
the  toituous  meanders,  is  about  130  miles.  During  this  course 
the  river  receives  many  small  tributaries,  as  will  be  seen  by  a 
glance  at  a  map.  Many  of  these,  however,  at  ordinary  stages, 
lose  all  their  water  by  diversion  to  irrigating  ditches,  or  by  its 
sinking  into  the  sandy  beds  long  before  it  can  reach  the  trunk 
stream.  Only  in  times  of  flood  do  they  actually  contribute  to 
the  discharge  of  the  river. 

At  Embudo  the  total  discharge  (see  PI.  lxxiii)  for  the  vear 
was  02  G  cubic  miles,  ora  daily  mean  of  1,240  second-feet,  only 
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1 50  second-feet  more  than  at  Del  N orte.  Considering  any  such 
point  as  Embudo,  it  becomes  a  difficult  matter  to  compute  the 
drainage  area  which  actually  contributes  to  the  flow.  As  just 
stated,  the  rain  which  falls  upon  vast  areas  included  in  the 
drainage  basin  seldom  or  never  reaches  the  river.  In  the 
northern  portion  of  the  San  Luis  Valley  the  streams  flow  into 
the  San  Luis  Lakes,  from  which  there  is  no  outlet.  All  this  part 
of  the  drainage  basin  can  therefore  be  excluded  at  once,  as  not 
contributing  to  the  Rio  Grande.  Farther  south,  however,  the 
difficulty  of  discriminating  between  the  portions  of  the  basin 
which  do  or  do  not  supply  water  becomes  greater,  and  it  is 
impossible  to  decide  what  particular  areas  should  be  considered 
as  tributary  to  the  stream.  The  total  area  of  the  basin  above 
Embudo,  excluding  the  drainage  into  the  San  Luis  Lakes,  is 
7,000  square  miles.  Distributing  the  total  flow  for  the  year 
over  this  area,  the  depth  would  be  2 '4  inches.  The  excess  of 
the  discharge  of  Embudo  above  that  of  Del  Norte,  if  distrib¬ 
uted  over  the  drainage  included  between  Del  Norte  and 
Embudo,  would  cover  the  ground  to  a  depth  of  only  0’36  inch. 
It  should  be  noted  that  in  this  comparison  no  account  is  taken 
of  the  results  of  the  canal  diversions. 

El  Paso,  according  to  the  survey  made  by  army  engineers1 
is  about  517  miles  below  Embudo,  following  the  course  of  the 
river.  The  slope  ranges  from  4  to  52  feet  per  mile.  The 
principal  tributaries  are  the  Cliama,  Jemez,  and  Puerco,  all 
coming  in  from  the  west.  As  is  shown  by  the  diagram  of 
discharge  and  monthly  averages,  the  water  received  from 
tributaries  below  Embudo  is  not  sufficient  to  supply  the  loss 
by  evaporation  and  diversion. 

The  total  flow  for  the  year  at  El  Paso  was  022  cubic  mile, 
averaging  1,050  second-feet,  or  190  second-feet  less  than  at 
Embudo.  From  the  latter  part  of  July  to  the  middle  of 
December  the  water  ceased  flowing,  the  bed  being  dry  except 
in  deeper  pools. 

The  following  comparison  of  the  mean  daily  discharge  in 
second-feet  at  Embudo  and  El  Paso  gives  some  facts  of  in¬ 
terest: 


1  Annual  Report  Chief  Engineer  U.  S.  A.,  1889,  p.  1571. 
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Mean  daily  discharge  of  Rio  Grande  in  second-feet. 


1889. 

1890. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March. 

Embudo . 

471 

206 

212 

283 

366 

542 

437 

553 

682 

El  Paso . 

237 

0 

0 

0 

0 

70 

196 

290 

424 

Difference  .... 

234 

206 

212 

283 

366 

472 

241 

263 

258 

It  is  evident  that  from  300  to  400  second  feet  must  pass 
Embudo,  in  addition  to  the  ordinary  discharge  of  the  tributaries, 
before  any  water  can  reach  El  Paso. 

SEDIMENT. 

The  sediment  observations  were  begun  at  Embudo,  New 
Mexico,  January  15,  1889,  and  were  continued  for  three 
months.  The  apparatus  was  then  shipped  to  El  Paso,  where 
samples  were  first  taken  on  July  10,  the  work  being  continued 
from  that  time  through  the  following  fiscal  year.  In  these 
measurements  the  object  in  view  was  not  so  much  the  obtain¬ 
ing  of  results  of  scientific  accuracy  as  the  procuring  of  certain 
data  for  engineering  purposes,  viz,  the  approximate  proportion 
of  silt  carried  by  the  river  water  at  various  stages  and  seasons. 
The  equipment  for  doing  this  work  was  necessarily  simple  and 
rather  crude,  owing  to  the  original  requirements  that  these 
measurements  should  be  made  in  camp  and  that  all  parts  of 
the  apparatus  should  be  strong  and  portable. 

In  the  previous  annual  report1  mention  is  made  of  the  con¬ 
clusions  reached  as  to  the  most  convenient  way  of  taking 
samples  and  drying  filtrates.  These  methods  have  been  in  use 
during  the  year  and  give  quite  satisfactory  results.  With  the 
sediment  trap,  a  horizontal  cylinder  with  vertical  sliding  doors 
at  each  end,  water  was  taken  at  about  one-half  foot  below  the 
surface  for  the  top  sample,  and  at  about  one-half  foot  above 
the  bottom  for  the  bottom  sample.  These  were  then  placed  in 
covered  jars  and  allowed  to  settle  for  three  or  four  days.  At 
the  end  of  the  time  the  clear  water  was  carefully  drawn  off 
with  a  glass  siphon  and  the  sediment  washed  out  upon  filter 
paper  by  means  of  a  jet  of  clear  water.  The  filter  papers  were 


1  Tenth  Annual  Report  U.  S.  Geol.  Surv.,  Part  II,  Irrigation,  p.  85. 
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previously  dried  and  weighed,  and  after  receiving-  the  sediment 
were  again  put  into  the  drying  oven.  This  was  kept  at  a  tem¬ 
perature  of  from  50°  to  60°  C.  by  an  oil  stove.  After  24  hours’ 
drying-  the  papers  containing  the  sediment  were  carefully 
weighed,  due  precautions  being  taken  against  increase  of 
weight  by  absorption  of  moisture  from  the  air. 

On  the  diagram,  PL  lxxiv,  are  given  the  data  from  the  El 
Paso  station,  showing  graphically  the  number,  date,  and  agree¬ 
ment  or  lack  of  agreement  of  the  observations.  One,  two,  or 
three  samples  were  taken  on  the  same  day.  As  above  stated 
each  sample  was,  in  general,  made  up  of  portions  taken  from 
near  the  surface  and  bottom,  being  intended  to  represent  the 
average  sediment  of  that  vertical  plane. 

The  river  at  that  point  is  220  to  230  feet  wide.  The  samples 
were  taken  on  this  section  in  the  center  and  usually  30  to  60 
feet  from  either  shore.  On  the  diagram  the  parts  by  weight 
are  given  on  a  vertical  scale  of  100,000.  The  horizontal  line 
marked  1,000  represents  a  thousand  parts  in  100,000,  or  1  per 
cent,  and  the  2,000  line  2  per  cent  by  weight.  It  will  be 
noticed  that  the  greatest  divergencies  of  observations  made  on 
the  same  day  are  those  at  the  time  that  the  per  cent  increases 
suddenly;  and  that  as  the  sediment  falls  the  observations  come 
closer  together.  This  is  what  might  be  expected  from  the 
nature  of  the  case,  as  high  ratio  of  sediment  means  an  increase 
of  the  larger,  coarser  particles,  whose  distribution  is  probably 
far  less  uniform  than  that  of  the  finest  silt. 

In  addition  to  the  points  marking  the  individual  observations, 
a  broken  line  is  drawn  connecting  the  mean  of  the  observations 
for  each  day,  or  the  single  observation  when  there  is  but  one. 
This  line  serves  merely  as  a  guide  line  for  the  eye,  and  of 
course  can  have  no  further  value.  Comparing  this  sediment 
diagram  with  that  for  discharge,  it  is  seen  that  during  the  low 
water  of  the  winter  the  sediment  follows,  in  a  general  way, 
the  discharge,  an  increase  of  discharge  being  accompanied  by 
an  increase  of  percentage  of  sediment.  In  other  words,  the 
small  storms  bring  down  muddy  water.  This  is  especially 
noticeable  on  March  15. 

After  the  main  flood  of  the  year  has  set  in,  however,  and  the 
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earlier  storm  waters  have  presumably  washed  out  the  silt  most 
easily  moved,  the  percentage  drops  off  rapidly  by  dilution, 
although  the  actual  amount  in  suspension  is  far  greater  than 
before,  as  shown  by  the  table  below.  Again,  as  the  flood  de¬ 
creases,  the  minor  disturbances  following  on  its  decline  give 
an  immense  increase  in  ratio  of  sediment,  especially  noticeable 
in  the  last  week  in  June,  1889. 

The  river  bed  being  dry  from  the  latter  part  of  August  to 
the  middle  of  December,  no  observations,  of  course,  appear. 
In  December,  however,  the  first  water  coming  down  the  dusty 
channel  might  properly  be  termed  fluid  mud ;  the  determina¬ 
tions  therefore  run  very  high,  as  shown  on  the  diagram  at  the 
extreme  right. 

. In  orcler  to  express  in  a  few  figures  the  results  shown  in  the 
diagram,  the  following  table  has  been  constructed,  making  sev- 
eial  assumptions  which  may  or  may  not  be  true.  It  is  assumed 
that  the  mean  of  the  determinations  for  a  month  is  the  average 
sediment  tor  that  month.  This  is  given  under  the  column 
headed  “Sediment  ratios.”  The  averages  of  the  daily  dis¬ 
charges  in  second-feet  for  the  same  month  is  then  taken.  In  the 
next  column  is  given  the  weight  of  the  water  making  up  this 
number  ot  second-feet.  Multiplying  this  rate  by  the  ratio  for 
that  month  gives  the  sediment  in  pounds  per  second  passing 
the  station.  This  is  then  multiplied  by  the  number  of  seconds 
in  the  month,  and  the  result  is  given  in  tons  per  month. 

The  total  for  the  year  ending  June  30, 1890  is,  in  round  num¬ 
bers,  3,830,000  tons;  this  earth,  at  a  weight  of  100  pounds  per 

cubic  foot,  would  cover  a  square  mile  two  and  three-fourths 
feet  in  depth. 


Silt  in  the  Rio  Grande  at  El  Paso. 
[Estimates  by  months.] 


Month. 

Sediment 

ratios. 

Average 

discharge. 

Weight 
of  water. 

Sediment 
per  second. 

j  Sediment 
per  month. 

1889. 

June . 

•00468 

00201 

•00813 

•00295 

•00362 

•00613 

•00585 

•00347 

■00196 

•00131 

•00710 

Sec.  feet. 
2, 638 

Pounds. 
165,000 
14, 810 
4,440 

12, 250 
18, 130 
26.500 
136, 900 
360, 680 
275, 250 
53,375 
45, 875 

Pounds. 

Tons. 

July . 

772  '2 

1,000,570 

December  .... 

71 

29  b 
36-1 

39. 800 

1890. 

January  . 

48, 380 

February . 

36 '2 
65  ’5 

48, 500 

March . 

79, 200 

April . 

May . 

2,190 

162  6 
794  '6 

217,700 

1,029,800 

June  . 

4,404 

1, 248  ‘5 

1,671,700 

July . 

539  '5 

699, 200 

August . 

70 -0  | 

93,730 

325  ‘7 

1 

436, 100 
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GILA  RASIN. 

In  this  basin  are  found  rivers  most  difficult  and  dangerous  to 
examine  and  control,  differing’  in  character  and  habit  fiom  those 
of  the  North  as  widely  as  in  geographic  position.  In  place  of 
the  regularly  recurring  annual  floods  ol  spring  and  early 
summer,  so  strongly  marked  on  the  discharge  diagrams  of 
other  basins,  these  rivers  show  conditions  almost  the  reverse, 
being  at  that  season  at  their  very  lowest  stages — even  dry — and 
rising  in  sudden  floods  at  the  beginning  of  and  during  the  winter. 
These  floods  are  of  the  most  destructive  and  violent  character; 
the  rate  at  which  the  water  rises  and  increases  in  amount  is 
astonishingly  rapid,  although  the  volume  is  not  always  very 
great.  For  instance,  in  an  ordinary  flood  the  Salt  River,  the 
principal  tributary  of  the  Gila,  has  risen  in  about  three  hours 
from  500  second-feet  to  30,000  second-feet,  falling  again  almost 
as  rapidly,  so  that  the  average  for  the  day  or  for  two  or  three 
days  would  not  be  more  than  10,000  or  perhaps  5,000  second- 
feet. 

From  this  it  will  be  recognized  that  the  onset  of  such  a  flood 
is  terrific.  Coming  without  warning,  it  catches  up  logs  and 
bowlders  in  the  bed,  undermines  the  banks,  and,  tearing  out 
trees  and  cutting  sand-bars,  is  loaded  with  this  mass  of  sand, 
gravel,  and  driftwood — most  formidable  weapons  for  destruc¬ 
tion. 

The  Gila  rises  in  western  and  southwestern  New  Mexico, 
receiving  its  waters  from  mountains  having  an  elevation  of  from 
7,000  to  8,000  feet ;  at  the  point  at  which  it  crosses  into  Ari¬ 
zona  it  still  has  an  elevation  of  6,000  feet.  From  this  place  it 
continues  between  mountain  ranges,  tailing  rapidly,  until  at 
Florence,  180  miles  away,  it  is  about  1,500  feet  above  sea  level. 
At  a  point  15  miles  above  Florence  the  river  emerges  upon  the 
plains,  which  it  traverses  for  about  75  miles  before  receiving 
the  waters  of  the  Salt,  its  principal  tributary.  After  receiving 
the  Salt  drainage  the  Gila  continues  west  and  southwest,  cross¬ 
ing'  Arizona  and  flowing  into  the  Colorado  River  at  Yuma,  near 
the  southwestern  corner  ot  the  Territory. 

Along’  the  headwaters  of  the  river  are  several  open  valleys, 
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and  in  those  of  southeastern  Arizona  agriculture  is  steadily  in¬ 
creasing  by  the  use  of  water  from  the  river  or  from  side  streams. 
On  the  extreme  eastern  edge  of  the  territory,  near  the  town  of 
Duncan,  some  2,000  acres  have  been  reclaimed,  and  in  the  val¬ 
ley  from  Solomonville  westward  for  20  miles  down  the  river 
fifteen  irrigating  ditches,  covering  in  the  aggregate  45,000  acres, 
have  been  constructed.  There  are  in  addition  several  other 
irrigated  areas  near  the  mouth  of  the  San  Pedro. 

The  principal  tributaries  are  the  San  Pedro  and  Santa  Cruz 
Rivers,  on  the  south  side,  and  the  Salt,  Aqua  Fria,  and  Hassa- 
yampa  Rivers,  on  the  north  side.  The  floods  of  the  upper  Gila 
and  its  tributaries  are  usually  short  and  violent,  the  highest 
water  occurring  during  the  months  of  January  and  February. 
During  a  freshet  the  river  rises  from  8  to  12  feet  and  increases 
in  width  from  300  feet  to  a  mile  and  a  half.  It  is  sometimes 
impassable  for  weeks,  and  in  places  has  the  appearance  of  a  vast 
sea  of  muddy  water.  The  season  of  low  water  occurs  during 
the  months  of  June  and  July,  the  river  bed  being  then  dry  in 
places  for  miles. 

SAN  PEDRO. 

The  San  Pedro  River,  entering  from  the  south,  rises  in  the 
northern  part  of  the  Mexican  State  of  Sonora.  Flowing  north¬ 
erly  for  more  than  100  miles,  it  empties  into  the  Gila  a  few 
miles  below  the  town  of  Dudleyville,  45  miles  above  Florence. 
It  has  a  total  watershed  of  2,700  square  miles.  Rising’  in  a 
country  of  very  light  snowfall,  the  San  Pedro  depends  for  the 
greater  part  of  its  water  supply  on  the  frequent  showers  of  the 
rainy  seasons.  It  flows  over  a  sandy  bed  between  high  and 
steep  banks,  and  during  the  dry  season  the  river  sin-inks  to  an 
insignificant  stream  of  clear  water,  which  rises  and  sinks  in  the 
sand  with  the  varying  depth  of  bed  rock.  During  the  rainy 
seasons  it  rises  very  suddenly,  sometimes  to  the  height  of  12 
feet,  and,  assuming  the  character  of  an  angry  torrent,  carries 
everything  before  it. 

In  Cochise  County  the  San  Pedro  flows  through  a  valley  80 
miles  long  and  from  1  to  10  miles  wide.  For  a  distance  of  70 
miles  along  the  river  small  ditches  have  been  taken  out,  reclaim- 
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ing,  it  is  estimated,  about  10,000  acres  of  land,  on  one- fourth 
of  which  crops  are  annually  raised.  The  soil  is  fertile  and  pro¬ 
duces  large  crops  of  wheat,  barley,  oats,  alfalfa,  vegetables,  and 
the  hardier  kinds  of  fruits. 

In  the  upper  San  Pedro  Valley  there  are  several  thousand 
acres  of  land,  at  present  utilized  by  stock-raisers,  susceptible 
of  cultivation  under  a  judicious  system  of  irrigation. 

Near  Dudley ville  a  gauging  station  was  established  to 
obtain  the  total  discharge  of  the  San  Pedro  into  the  Gila. 
Measurements  were  begun  here  April  9,  1890,  and  observa¬ 
tions  carried  on  continuously.  During  the  summer  of  1890  the 
water  has  been  extremely  low,  hardly  flowing.  For  instance, 
the  average  flow  for  the  month  of  April  was  only  16  second- 
feet;  for  May,  5  second-feet;  for  June,  3;  and  for  July,  6. 

The  Santa  Cruz  rises  in  the  southern  part  of  Pima  County 
near  the  Mexican  line,  and  flows  northerly  to  a  point  a  few 
miles  northwest  of  Tucson,  where  it  sinks,  finding  its  way  to 
the  Gila,  if  at  all,  by  percolation  or  underground  passages. 
About  3,000  acres,  it  is  reported,  have  been  reclaimed  in  Pima 
County  by  the  use  of  the  waters  of  this  stream. 

Below  the  San  Pedro  for  a  distance  of  25  miles  the  valley 
of  the  Gila  is  very  narrow,  in  places  becoming  a  gorge  a 
thousand  feet  or  more  in  width.  The  narrowest  point  is  at  The 
Buttes,  15  miles  east  of  Florence.  Below  this  point  the  Gila 
Valley  proper  begins,  widening  out  rapidly  toward  the  west, 
and  extends  to  the  banks  of  the  Colorado  River,  a  distance  of 
about  200  miles.  That  portion  of  the  valley  situated  between 
the  mouth  of  the  Salt  River  and  the  Colorado  is  known  as  the 
Lower  Gila  Valley. 

In  the  Upper  Gila  Valley,  beginning  just  below  the  canyon 
and  about  12  miles  above  Florence,  fourteen  canals  are  taken 
out  at  intervals,  from  the  river,  covering  many  thousands  of 
acres.  Above  all  these  canals,  at  the  Buttes,  it  is  proposed 
to  construct  a  dam  of  sufficient  height  to  hold  back  the  greater 
part  of  the  flood  waters,  and  for  this  preliminary  surveys  and 
estimates  have  been  made. 

To  obtain  data  concerning  the  discharge  at  this  point  a 
gauging  station  was  located  a  short  distance  above  the  Buttes, 
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near  ail  abandoned  smelter.  Observations  were  begun  August 
26,  1889,  and  continued  through  the  succeeding  year,  the 
floods,  how  e\  ei ,  were  unusually  low,  and  the  results  given  in 
the  tables  are  probably  far  less  than  the  average  discharge  for 
several  years. 

SALT. 

This  river,  though  considered  as  a  tributary  of  the  Gila,  is 
in  fact  larger  both  in  catchment  area  and  discharge,  and  might 
properly  be  considered  the  main  stream.  It  receives  the 
drainage  from  central  Arizona,  its  principal  tributary,  the 
Verde,  flowing  southeasterly  and  south  from  the  mountains 
and  table-lands  south  of  the  Colorado  River.  There  is  a 
little  irrigation  along  the  upper  waters  of  the  Verde  and  in  the 
Tonto  Basin,  but  the  diversions  of  water  are  too  small  to  be 
noticeable  on  the  main  stream. 

Ihe  Verde  Valley  is  situated  in  Yavapai  County,  on  the 
headwaters  ot  the  stream,  and  extends  from  a  canyon  above 
Camp  Verde  to  a  point  10  miles  below  the  fort,  where  a 
branch  of  the  Mogollon  Mountains  on  the  east  and  another 
ot  the  Verde  Mountains  on  the  west  approach  the  river. 
About  3,000  acres  of  land  in  this  valley  are  under  cultivation, 
and  large  crops  of  alfalfa,  small  grain,  corn,  and  potatoes  are 
raised,  as  well  as  fruits  in  great  variety  and  perfection.  The 
militaiy  reservation  comprises  about  1,000  acres  of  farming 
land,  much  of  it  capable  of  irrigation. 

About  a  mile  below  the  junction  of  the  Verde,  and  30  miles 
above  Phoenix,  the  river  begins  to  enter  upon  the  plains  of  the 
Gila  Valley.  At  this  point  the  Arizona  Canal  Company  have 
built  a  dam  or  weir  across  the  river  to  raise  the  water  and  turn  it 
into  their  canal.  The  engineer  of  this  company,  Mr.  Samuel 
A.  Da\  idson,  has  calculated  the  daily  discharge  over  this  weir 
for  a  number  of  years,  and  with  his  permission  these  results 
are  given  herewith,  as  they  show  in  a  general  way  the 
character  and  range  for  nearly  three  years  of  the  rivers  of 
this  portion  of  the  arid  region.  While  these  calculations, 
being  based  on  weir  formulae,  may  be  in  error  to  a  consider¬ 
able  degree,  yet  they  are  comparable  among  themselves,  and 
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show  the  sudden  fluctuations  and  the  relative  size  ot  the 
stream. 

Attempts  have  been  made  to  establish  gauging  stations  on 
the  Verde  and  Salt  above  their  junctions,  but  great  difficulties 
have  been  encountered,  and,  after  moving  the  stations,  that  on 
the  Verde  was  finally  abandoned  and  work  on  the  Upper  Salt 
suspended  during  the  winter  of  1889—90.  The  measurements 
on  the  Salt,  made  at  about  a  half  mile  above  the  junction  of 
the  Verde,  are  as  follows: 


Discharge .  4  '  Sec.  ft. 

June  27,  1889 .  251 

July  10,  1889 .  195 

July  17,  1889 .  272 

August  16,  1889  .  213 

August  30,  1889  .  216 

September  16,  1889  .  212 

September  22,  1889  .  306 

September  26,  1889  .  225 

September  30,  1889  .  212 


In  the  spring  of  1890  a  new  station  was  located  at  a  more 
favorable  though  remote  place  up  in  the  canyons  about  50 
miles  above  Phoenix.  The  mean  discharges  in  second  feet  are: 
For  May,  500;  for  June,  298;  for  July,  21. 

The  measurements  on  the  Verde,  made  at  a  place  a  mile 
above  the  Salt,  are  as  follows: 


Discharge.  Sec.  ft. 

June  26,  1889  .  127 

July  11,  1889 .  234 

July  20,  1889 .  436 

August,  mean,  1889  .  200 

September,  mean,  1889  .  192 


Besides  the  Arizona  Canal  Company,  at  whose  headworks 
the  estimates  of  daily  discharge  have  been  made,  there  are 
below  it  a  dozen  other  canals  taking  water  from  the  Salt  River. 
These  vary  in  length  from  3  to  22  miles,  and  cover  in  the 
aggregate  300,000  acres  of  land,  of  which  about  35,000  are 
annually  cultivated.  All  the  water  in  Salt  River  has  been 
utilized  and  little  more  can  be  done  in  the  way  of  land  reclama¬ 
tion  without  the  construction  of  storage  reservoirs.  If  this 
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were  done  it  is  estimated  that  sufficient  water  could  be 
impounded  during  the  storm  floods  to  reclaim  many  times 
the  area  now  under  cultivation.  The  soil  is  very  productive, 
large  crops  of  wheat,  barley,  and  alfalfa  are  grown,  and  fruits 
of  all  descriptions  flourish  and  yield  bountifully. 


TRUCKEE  AND  CARSON  BASINS. 

These  rivers  rise  in  the  Sierras,  receiving  drainage  from 
mountains  7,000  to  10,000  feet  high,  and,  flowing  easterly,  lose 
theii  wateis  in  the  sinks  ot  the  interior  basin.  The  catchment 
areas,  though  small,  yield  a  considerable  amount  of  water, 
owing  to  the  steepness  of  the  slopes  and  the  general  elevation 
of  the  basin.  In  the  drainage  of  the  Truckee  is  Lake  Tahoe, 
the  highest  lake  of  its  size  in  the  country.  From  its  elevated 
position,  however,  the  catchment  area  of  the  lake  is  very 
restricted,  being  only  522  square  miles,  less  than  four  times  that 
ot  the  water  surface,  which  is  195  square  miles.  As  a  conse¬ 
quence  the  run-off  from  the  lake  is  comparatively  small. 

The  situation  of  this  basin  in  regard  to  political  divisions  is 
somewhat  peculiar.  The  line  between  California  and  Nevada, 
running  through  Lake  Tahoe,  cuts  the  catchment  area  into 
two  portions,  of  which  793  square  miles  are  in  California  and 
283  square  miles  in  Nevada,  measuring  the  drainage  above 
Reno.  The  water  is  most  largely  utilized  in  Nevada,  but  any 
compi  ehensive  system  of  water  conservation  for  the  further 
benefit  of  these  desert  tracts  is  rendered  complex  by  questions 
arising  from  differences  in  jurisdiction  and  in  water  privileges 
in  the  two  States. 

Measurements  were  begun  in  the  Truckee  Basin  in  the  lat¬ 
ter  part  of  May,  1889.  The  high  water  of  that  year  came 
very  late  on  account  of  light  fall  of  snow  during  the  preced¬ 
ing  winter.  There  was  a  very  heavy  snow  storm  about  the 
middle  of  May,  followed  by  warm  weather,  causing  floods  of 
shoit  duration,  which  were  followed  by  unusually  low  water 
during  the  summer  and  fall. 

The  results  obtained  are  here  given,  beginning  at  the  outlet 
of  Lake  Tahoe  and  taking  the  various  tributaries  in  succession. 
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Near  the  dam  of  this  lake  the  measured  discharges  were  as 


follows : 

Sec.  ft. 

July  9.  1889 .  136 

August  8,  1889  . 75 

August  14,  1889 .  56 

August  18,  1889 . 49 


The  maximum  for  that  year  is  estimated  at  170  second-feet. 

A  small  mountain  stream  entering  the  Tuckee  from  the  west 
or  left  bank  about  half  way  between  Lake  Tahoe  and  Truckee, 
known  as  Squaw  Creek,  was  measured  and  found  to  have,  on 
June  3,  1889,  a  discharge  of  92  second-feet,  and  on  June  22, 
15  second-feet.  The  mean  flow  from  June  7  to  22  was  50 
second-feet,  falling  after  this  latter  date  to  an  insignificant 
stream. 

The  creek  above  Tahoe  Tollgate  on  June  3,  1889,  dis¬ 
charged  74  second-feet. 

Bonner  and  Cold  Creeks. — The  first  of  these  is  the  outlet  of 
Donner  Lake,  and  has  a  drainage  area  of  16  square  miles.  It 
flows  easterly  for  about  2  miles  into  the  Truckee,  being  joined 
at  a  point  three-quarters  of  a  mile  from  the  lake  by  Cold 
Creek,  which  drains  the  valley  south  of  Donner.  In  1888 
this  creek  carried,  it  is  estimated,  about  one-half  more  water 
than  in  1889.  The  measured  discharge  of  these  creeks  in 
second-feet  is  as  follows: 


Date. 

Discharges. 

Donner 

Creek. 

Cold 

Creek. 

Total. 

1889. 

Sec.-feet. 

Sec.-feet. 

Sec.-feet. 

June  28 . 

11 

July  3 . 

8 

10 

18 

July  6 . 

5 

5 

10 

July  11 . 

2 

1 

3 

1 

August  7  . . . 

0-9 

1 

1'9 

August  10  . . 

0-2 

1 

1  '2 

August  17  . . 

0  3 

0-7 

1 

More  detailed  measurements  (see  appended  tables)  were 
made  of  Prosser  Creek,  the  outlet  of  Twin  Valley,  flowing  into 
the  Truckee  a  short  distance  above  Boca,  and  of  the  Little 
Truckee,  which  receives  the  drainage  of  Weber  and  Independ¬ 
ence  Lakes  and  flows  into  the  Truckee  at  Boca. 
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Other  small  tributaries  were  measured  in  1889  when  they 
weie  at  about  their  maximum,  except  at  the  second  measure¬ 
ment  of  Martis  Creek,  the  result  being  as  follows  : 


Date. 

Location. 

Discharge. 

i88:i. 

June  1 . 

June  22 . 

Martis  Creek . 

Sec. -feet. 

19 

7 

22 

88 

42 

7 

. do . 

May  30 . 

May  31 . 

May  31 . 

May  22 . 

Juniper  Creek,  at  Clinton . 

Joe  Grey  Creek,  at  Cuba _ 

Bronco  Creek,  at  Bronco  . 

Dog  Creek,  at  Verde  . 

Gaugings  on  the  main  stream  were  begun  in  May,  1889,  at 
Essex,  Nevada,  a  point  near  the  State  line  and  about  12  miles 
above  Reno,  the  results  being  as  follows : 


Discharge. 
Mav  20. 1889 . 
May  21,  1889. 
May  22,  1889 . 
May  29,  1889. 
June  20,  1889 


Second-feet. 
....  2,330 
. ...  2,570 
. ...  2,510 
. ...  1,716 
. . . .  350 


The  maximum  flow  for  the  year  was  on  May  21st.  The  mean 
discharge  for  the  last  ten  days  of  May  was  2,134  second-feet ; 
for  June,  771  second-feet;  for  July  278,  and  for  August 
and  September  approximately  200  second-feet,  these  latter  re¬ 
sults  being  considered  in  doubt,  however.  In  the  spring  of 
1890  the  Essex  station  was  abandoned  and  gauging  made  at  a 
point  a  mile  below  Boca  and  12  miles  above  Essex,  also  at 
Laughtons,  6  miles  above  Reno,  and  again  8  miles  east  of  Reno 
at  Vista. 

Carson  Basin. — This  basin,  like  that  of  the  Truckee,  is  partly 
in  California,  464  square  miles  being  in  that  State  and  444 
square  miles  in  Nevada  above  Carson  City.  A  measurement 
was  made  in  1889  of  the  West  Fork  in  Hope  Valley,  giving, 
on  June  14,  72  second-feet,  while  the  main  river  below  the 
junction  of  the  forks,  about  a  mile  from  Geneva,  showed  on 
June  10, 1889,  a  discharge  of  only  527  second-feet,  many  ditches 
being  taken  out  above  this  place.  In  1890  stations  were  estab¬ 
lished  on  the  East  and  West  Forks  and  also  on  the  main  river  at 

Empire,  7  miles  east  of  Carson  City.  That  on  the  East  Fork 
11  geol.,  pt.  2 - 5 
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is  at  Rodenbali,  about  14  miles  from  Genoa  and  22  miles  from 
Carson.  That  on  the  West  Fork  is  about  one-half  mile  above 
the  town  of  Woodford,  California,  which  is  20  miles  from 
Genoa  and  32  miles  from  Carson.  During  the  high  water  the 
velocities  at  this  point  were  so  great  that  the  measurements 
were  made  at  Fredericksburg,  California,  1  mile  south  of  the 
Nevada  State  line,  gaugings  being  made  on  Jarvis’s  bridge. 

SALT  LAKE  BASIN. 

B15AR  RIVER. 

The  study  of  the  hydrography  of  the  Bear  River,  of  the  pres¬ 
ent  utilization  of  its  waters  and  their  future' conservation,  offers 
problems  of  unusual  interest,  not  only  from  the  geologic  and 
engineering  sides,  but  from  political,  economic,  and  social  stand¬ 
points. 

This  river  rises  in  the  lofty  Uinta  range  in  northwestern 
Utah,  flows  through  the  southwestern  corner  of  Wyoming,  a 
high,  rolling  country  devoted  mostly  to  grazing,  then  turning 
west,  crosses  the  line  again  into  Utah,  where  the  drainage 
waters  begin  to  be  utilized  on  a  considerable  scale  for  raising 
grass.  It  then  turns  to  the  east  and  recrosses  the  line  into  Wyo¬ 
ming,  where  the  valleys  contain  hay  ranches.  Beyond  these  the 
river  swings  abruptly  to  the  west  into  Idaho,  winds  through  a 
mountain  chain,  and  enters  a  large  valley  having  an  ele’s  ation 
of  about  6,000  feet.  Here  is  found  the  distinctive  feature  of 
this  drainage  basin — the  peculiar  lake  and  marsh,  which  act  as 
a  great  natural  reservoir,  or  rather  as  an  equalizer  of  the  flow 
of  the  lower  Bear  River.  The  river  does  not,  as  shown  on  the 
Land  Office  maps,  enter  the  lake,  but  passes  along  in  front  of 
.  or  below  the  open  lake,  meandering  through  the  great,  marsh 
or  level  plain.  In  times  of  high  water  it  spreads  out  through 
and  over  the  marsh  and  its  waters  back  up  into  the  lake.  In 
times  of  drought  the  marsh  dries,  much  of  it  becomes  good  hay 
land,  and  the  water  from  the  lake  finds  its  way  through  tortu¬ 
ous  channels  down  to  the  river. 

Around  this  large  valley  and  beautiful  lake,  the  southern 
half  of  which  is  in  Utah,  are  clustered  many  prosperous  towns 
and  villages,  which  depend  for  their  subsistence  upon  then  ateis 
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of  the  smaller  tributaries  of  the  Bear.  The  center  of  the  valley 
north  ot  the  lake  is  still  public  land,  though  dotted  by  houses, 
corrals,  and  haystacks.  The  occupiers  of  this  land  can  not  get 
a  title  from  the  Government,  as  it  is  designated  a  lake  on  the 
official  maps. 

From  the  north  or  lower  end  of  this  broad,  level  valley  the 
river,  again  in  a  defined  channel,  winds  north  through  hilly 
and  broken  grazing  lands,  then  west  along  and  through  great 
lava  plains,  and  finally,  as  though  cut  off  by  this  lava  sheet, 
turns  abruptly  south.  Having  passed  the  lava,  the  valley 
broadens,  forming  Gentile  Valley,  at  the  northern  end  of  which 
there  is  a  large  body  of  high  arable  land.  It  is  proposed  to 
irrigate  this  land  by  a  ditch  taking  water  from  Bear  River 
itself.  But  at  present  the  river  is  not  attacked  in  or  below  this 
valley ;  all  the  water  for  irrigation  is  taken  from  the  lateral 
streams,  which  are  largely  fed  by  springs. 

Below  Gentile  \  alley  the  river  flows  through  narrow  passes 
and  over  rapids  to  enter  the  beautiful  Cache  Valley,  “the 
granary  ot  Utah.”  This  valley  lies  due  west  of  Bear  Lake 
Valley,  but  about  1,000  feet  lower.  Like  the  former,  its 
upper  end  is  in  Idaho,  its  southern  in  Utah,  the  latter  portion 
being  the  most  thickly  settled. 

All  the  streams  which  go  to  join  the  Bear,  from  Gentile 
Valley  southward,  are  diverted  during  the  growing  season  upon 
the  land,  but  the  water  in  the  river  itself  is  untouched,  be¬ 
cause  it  has  cut  for  itself  a  channel  so  deep  below  the  general 
level  that  the  communities  along  its  banks  have  not  been  able 
to  divert  it  upon  the  dusty  plains. 

The  river  flows  through  the  Cache  Valley  nearly  to  its  lower 
end,  finally  turns  back  toward  the  northwest,  and  rushes 
through  a  very  deep,  precipitous  canyon  and  enters  upon  the 
Salt  Lake  Plains,  where,  after  meanderings  more  and  more 
tortuous,  it  finally  is  lost  in  the  Great  Salt  Lake. 

Until  recently  there  has  been  no  attempt  to  utilize,  except 
on  a  few  acres  fringing  the  stream,  any  of  the  river  water 
below  Bear  Lake.  In  1889,  however,  a  company  began  to 
construct  in  the  canyon  below  Cache  Valley  two  canals  of 
the  aggregate  capacity  of  2,000  second-feet.  This  system  was 
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designed  to  be  one  of  the  largest  and  best  constructed  works 
of  the  kind  in  this  country,  and  to  cover  ultimately  upwards 
of  200,000  acres,  embracing  within  these  limits  many  large 
towns  as  well  as  a  portion  ot  the  city  of  Ogden. 

During:  the  last  two  years,  1888  and  1889,  the  rainfall  has 
been  unusually  small.  The  Bear  River,  like  others,  showed 
the  effect  of  this  in  diminished  flow,  the  discharge  shrinking 
to  an  unprecedentedly  low  amount. 

Gauging  stations  were  established  on  the  main  stream  in 
1889:  one  at  Battle  Creek  railway  station  at  the  upper  end  of 
Cache  Valley,  and  the  other  at  Collinston,  in  the  canyon  below 
Cache  Valley,  near  the  headworks  of  the  new  canal  system. 
As  seen  by  the  tables  of  monthly  averages  for  1889,  the  flow  at 
Collinston  is  far  below  the  future  needs  of  the  new  canal. 
This  condition  was  abnormal,  but  may  it  not  happen  again  % 

There  are  dimly  outlined  for  the  future,  as  shown  by  the 
brief  statement  above,  several  questions  of  great  importance, 
upon  whose  correct  solution  hang  the  peace  and  prosperity  of 
many  communities,  embracing  over  30,000  inhabitants.  Here 
is  a  river  crossing  State  lines  five  times,  its  water  furnishing 
subsistence  for  scores  of  communities  differing  in  laws  and 
customs,  flowing  first  through  grazing  countries,  where  its 
waters  are  lavishly  used  for  raising  hay,  then  through  broad 
valleys  of  great  elevation,  where  it  is  again  robbed  ot.  its 
waters  to  raise  the  hardier  grains  and  vegetables,  and  finally 
delivering  its  surplus  waters  to  one  of  the  most  fertile  valleys 
and  o-enial  climates  of  the  West. 

In  times  of  scarcity  who  is  to  apportion  this  water?  How 
much  belongs  to  this  community  and  how  much  to  that  cor¬ 
poration  ?  What  protection  do  the  present  users  enjoy  against 
the  stronger  and  richer  canal  companies  or  the  aggressive 
adventurers  at  the  headwaters  ?  These  questions  are  seriously 
disturbing  the  minds  of  the  inhabitants  of  that  country,  and 
are  being  discussed  in  the  market  places  and  in  conventions. 
Each  year,  as  population  becomes  more  dense  and  a  larger 
acreage  is  brought  under  cultivation,  the  demands  upon  the 
water  increase,  and  the  time  is  fast  approaching  when,  instead 
of  the  demand  exceeding  the  supply  for,  say,  1  in  15  years,  it 
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will  be  1  year  in  10,  and  later  1  in  5,  and  perhaps  oftener. 
Thus  questions  of  economic  distribution  and  of  priorities  and 
equities  of  rights  must  depend  upon  the  measurements  of 
water,  the  knowledge  of  the  distribution — in  short,  the  results 
of  the  hydrographic  studies  begun  now  while  the  matter  can 
be  impartially  investigated. 

The  total  amount  of  water  which  passed  the  Battle  Creek, 
Idaho,  gauging  station  during  the  year  ending  June  30, 1890, 
was  0’32  cubic  mile,  or  a  daily  mean  of  1,480  second-feet,  very 
nearly  equivalent  to  3,000  acre  feet.  This  water,  if  spread  out 
uniformly  over  the  drainage  basin,  would  cover  it  to  the  depth 
of  4^  inches. 

At  Collinston,  Ctah,  the  discharge  for  the  same  time  was 
0*53  cubic  mile,  or  a  daily  mean  of  2,500  second-feet,  nearly 
5,000  acre  feet.  This  would  cover  the  entire  drainage  basin 
5 1  inches  in  depth. 

Comparison  of  these  figures  shows  that  the  run-off  from  the 
Cache  Valley  is  larger  than  from  the  upper  part  of  the  Bear 
drainage  basin.  Taking  the  difference  between  these,  it  is 
found  that  the  run-off  for  the  drainage  basin  above  Collinston 
and  below  Battle  Creek  is  9J  inches. 

This  can  be  accounted  for  by  an  examination  of  the  topog¬ 
raphy  of  the  country.  A  glance  at  a  map  shows  that  the 
streams  entering  below  Battle  Creek  come  directly  from  a  high 
mountain  range  with  precipitous  slopes  cut  by  deep  canyons, 
while  the  upper  part  of  the  drainage  basin  consists  largely  of 
rolling  country. 

Unfortunately  there  are  no  records  of  continuous  rainfall 
measurements  in  this  basin.  The  nearest  localities  where  rain 
has  been  measured  are  as  follows: 

Fort  Bridger,  in  Uinta  County,  Wyoming,  at  an  elevation 
of  6,643  feet,  had,  from  1859  to  1887,  a  mean  of  8‘5  inches. 

Fort  Hall,  in  the  Snake  River  plains,  in  Oneida  County, 
Idaho,  at  an  elevation  of  4,870  feet,  had,  from  1871  to  1880, 
an  average  rainfall  of  17\5  inches.1 

Taking  Fort  Bridger  as  representing  the  rainfall  for  the 

'.Report  of  rainfall  in  Washington,  Oregon,  etc.,  Fiftieth  Congress,  Senate  Ex. 
Doc.  No.  91. 
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upper  Bear,  and  Fort  Hall  for  the  Cache  Valley  drainage,  the 
run-off  would  be  nearly  one-half  the  rainfall.  This  assump¬ 
tion  is,  however,  erroneous,  as  the  rainfall  on  the  basin  of  the 
Bear  must  be  far  greater  than  that  at  either  of  these  forts. 

On  examining  the  daily  average  discharge  for  the  last  year 
it  can  be  seen  that  the  maximum  discharge  at  Battle  Creek 
occurred  on  June  1,  when  the  amount  reached  6,000  second  feet. 
Down  the  river  at  Collinston,  however,  the  maximum  occurred 
earlier,  from  the  21st  to  the  23d  of  May,  at  which  time  the 
discharge  was  8, 700  second  feet.  The  spring  flood  was  marked 
by  gradual  increase  day  by  day,  and  after  the  maximum  by  a 
quite  steady  decrease;  there  was  not  that  irregular  fluctuation 
so  characteristic  of  the  mountain  streams,  especially  of  the 
southern  territories. 

The  minimum  flow  at  Collinston  was  in  the  middle  of  July, 
when  the  discharge  barely  reached  300  second  feet.  The 
“oldest  inhabitants”  united  in  declaring  this  the  lowest  amount 
ever  reached  by  the  river.*  The  rain  and  snow  fall  had  been 
for  two  years  unusually  light,  giving  less  river  flow,  and  also 
indirectly  resulting  in  its  diminution  by  the  increased  diversion 
of  water  for  hay  lands  as  well  as  for  the  raising  of  other  crops. 
The  area  of  meadow  lands  and  cultivated  lands  had  also  in¬ 
creased,  especially  near  the  headwaters.  At  this  juncture  the 
project  of  the  great  canal  starting  in  the  canyon  above  Col- 
linston,  and  the  notices  of  appropriation  posted  in  various 
places,  caused  general  uneasiness  among  the  individuals  and 
communities  in  the  drainage  basin  of  the  Bear,  especially  in 
Idaho,  from  the  undefined  fear  of  a  contest  regarding  water 
arising  with  this  great  rival.  This  fear  was  largely  founded 
on  the  fact  that  the  newcomer  was  carefully  protecting  every 
point  by  an  elaborate  compliance  with  the  law,  while  the 
former  appropriators  had  relied  wholly  upon  possession  and 
custom,  taking  water  wherever  found,  without  notice  or  formal 
record. 

UTAH  LAKE  SYSTEM. 

The  Utah  Lake  drainage  system  receives  water  from  the 
Wasatch  range  from  Mount  Nebo  northward  to  a  point  about 
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opposite  Salt  Lake  City.  Besides  this  drainage  area,  there  is, 
on  the  west  side  of  a  line  drawn  north  and  south  through  Utah 
Lake,  a  large  area  of  mountainous  and  valley  lands  which  is 
topographically  a  portion  of  this  drainage  basin,  but  from  which, 
owing  to  small  rainfall,  there  are  few  intermittent  streams.  The 
characteristic  feature  of  this  system  is  the  interposition  of  a 
large  shallow  lake  in  its  midst,  at  a  point  where  the  tributaries 
of  the  main  river  would  naturally  unite.  The  trunk  stream  is 
called  the  Jordan  River.  The  principal  tributaries  are  the 
American  Fork,  Provo,  Hobble  Creek,  Spanish  Fork,  and  Salt 
Creek,  which,  instead  of  uniting  to  form  the  Jordan,  flow  first 
into  Utah  Lake. 

The  lake  in  this  position  has  a  peculiar  modifying  effect  upon 
the  re'gime  of  this  river  system,  inasmuch  as  the  great  floods 
which  are  liable  to  occur  in  these  torrential  tributary  streams 
are  discharged  into  this  broad  and  shallow  sheet,  where  the  mass 
of  water  finds  its  way  out  gradually  through  the  main  river 
below. 

Beginning  at  the  south  end  of  the  drainage  system,  the  first 
tributary  is  Salt  Creek,  which  rises  on  the  rear  or  eastern  side 
of  Mount  Nebo,  flows  south  and  west  around  the  mountain,  and 
enters  the  Juab  Valley  at  about  its  center.  At  the  mouth  of 
the  canyon  through  which  Salt  Creek  flows  is  situated  the  town 
of  Neplii,  where  all  the  water  of  the  creek  is  used  on  the  town 
lands  or  the  agricultural  areas  below.  Leaving  Neplii,  the 
stream  channel  turns  north  and  winds  through  the  northern  end 
of  Juab  Valley,  finally  passing  out  through  a  range  of  low  hills 
into  the  Goshen  Valley  and  eventually  disappearing  in  the 
extensive  marshes  at  the  south  end  of  Utah  Lake. 

In  Goshen  Valley  are  thousands  of  acres  of  fertile  lands, 
which,  however,  can  never  be  irrigated,  as  there  is  no  proba¬ 
bility  of  this  creek,  even  with  all  the  flood  waters  stored,  ever 
being  able  to  cover  more  than  a  very  small  proportion  of  the 
land  along  its  course. 

Following  the  mountain  range  northward  from  Mount  Nebo, 
there  is,  near  the  towns  of  Santaquin  and  Payson,  a  succession 
of  small  torrential  streams  entering  Utah  Valley,  whose  waters 
are  all  used  on  the  lands  belong-ino-  to  these  communities.  Be- 
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yond  these  the  hrst  stream  of  notable  size  is  the  Spanish  Fork, 
which  in  times  of  flood,  its  drainage  area  being  large,  carries 
an  enormous  volume  of  water.  In  ordinary  crop  seasons,  how¬ 
ever,  its  entire  discharge  is  claimed  and  utilized.  In  1889  the 
scarcity  was  so  great  that  on  only  about  one-seventh  of  the 
land  on  which  crops  are  ordinarily  raised  by  its  waters  were 
these  able  to  mature.  North  of  this  is  Hobble  Creek,  whose 
waters  are  used  almost  entirely  by  the  town  of  Spring vi lie. 

The  Provo  River  heads  on  the  east  side  of  the  Wasatch  Moun¬ 
tains,  through  which  it  cuts  in  a  deep  and  ragged  canyon.  On 
this  stream,  near  the  headwaters,  there  is  considerable  agricul¬ 
tural  land,  Provo  Valley  containing  a  broad  extent  of  fertile  land 
at  an  elevation  of  about  6,000  feet.  In  this  valley  several 
ditches  are  taken  out  to  supply  the  land  around  Heber  and 
Midway;  also  at  Wallsburgh,  south  of  these,  there  is  a  large 
body  of  land  under  ditch. 

After  leaving  these  upper  valleys  and  passing  through  the 
canyon,  the  river  is  diverted  by  a  number  of  large  canals  upon 
the  bench  lands  and  lower  grounds  bordering  the  lake. 

These  canals  are  the  largest,  excepting  those  of  Salt  Lake 
Valiev,  in  this  drainage  system,  and  the  water  at  the  end  of  the 
crop  season  is  entirely  utilized,  the  lower  canals  taking  the 
seepage  and  waste  water  from  those  above.  There  is  already 
such  scarcity  of  water  in  this  river  that  the  question  of  prior 
rights  between  canals  of  Utah  Lake  Valley  and  those  of  the 
upper  Provo  Valley  is  already  a  matter  of  discussion. 

The  canal  system  at  Provo  is  typical  of  that  at  every  large 
settlement  where  old  and  small  ditches  have  been  enlarged 
land  new  ones  built  at  higher  and  higher  grades,  finally  result¬ 
ing  in  long  lines  of  parallel  canals  each  covering  a  narrow  strip 
of  country  and  perhaps  crossing  each  other  and  conducting 
the  water  with  little  economy  and  great  expense  to  the  owners. 
The  lower  canals,  being  in  general  built  first,  have  the  better 
rights,  while  the  higher  canals,  last  built,  have  rights  only  to 
surplus  waters;  but  from  their  position  up  the  stream,  they 
have  the  best  facilities  for  getting  what  they  wish. 

In  the  north  end  of  the  Utah  Lake  Valley  is  the  American 
Fork  River  and  a  few  other  streams,  whose  waters  are  entirely 
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taken  out  to  supply  the  settlements  of  Battle  Creek,  Pleasant 
Grove,  American  Fork,  and  Lehi. 

In  each  of  these  rivers  the  flood  of  the  spring  comes  about 
the  time  of  growing  crop,  but  falls  away  before  the  grain  ma¬ 
tures.  It  is  after  the  crop  has  been  planted  and  is  well  along 
that  the  scarcity  ot  water  begins  to  be  felt,  and  every  effort  is 
then  made  to  economize  and  to  produce  the  greatest  effect  with 
a  small  stream. 

The  gauging  stations  on  each  of  these  rivers,  viz,  the 
American  Fork,  Provo,  and  Spanish  Fork,  were  placed  at  the 
mouths  of  the  canyons  above  the  heads  of  all  canals  in  order 
to  obtain  the  total  flow  of  these  streams  undiminished  by 
divisions. 

The  water  which  passes  these  stations  or  flows  in  smaller 
streams  is  either  diverted  by  canals  or,  as  in  times  of  flood,  flows 
directly  into  Utah  Lake.  Part  of  the  water  taken  by  the 
various  canals  finally  makes  its  way  by  seepage  to  the  same 
place,  so  that  the  lake  may  lie  considered  as  receiving  all  the 
unutilized  waters.  From  this  body  the  water  which  is  not  lost 
by  evaporation  flows  into  the  Jordan. 

The  use  of  the  water  of  this  stream  is  limited  only  by  its 
quantity — that  is,  the  irrigable  land  in  the  valley  of  the  Jordan 
is  in  excess  of  the  water  supply,  and  hence  the  growth  and 
future  extension  of  the  City  of  Salt  Lake  and  the  agricultural 
resources  61  the  beatuiful  county  of  the  same  name  are  pro¬ 
portional  to  the  economic  use,  and  more  especially  to  the 
prevention  of  a  portion  ot  the  enormous  loss  by  evaporation 
of  the  waters  coming-  into  Utah  Lake.  The  main  canals 
depending  upon  Utah  Lake  are  taken  out  at  the  point  where 
the  Jordan  enters  the  Salt  Lake  Valley,  and  in  addition  to 
these  there  are  numerous  canals  and  ditches  farther  down 
which  irrigate  the  lower-lying  areas. 

Besides  the  waters  of  the  lakes  the  people  of  that  portion  of 
Salt  Lake  Valley  depend  largely  upon  the  waters  of  the  streams 
flowing  in  from  the  east.  These  streams,  of  which  the  prin¬ 
cipal  are  Little  and  Big  Cottonwood,  Mill  Creek,  Parleys 
Canyon  Creek,  Emigration  Creek,  and  others,  are  in  times  of 
flood  tributary  to  the  Jordan,  but  in  dry  seasons  their  waters 
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formerly  sank  into  the  sand  beds.  The  inhabitants  of  the 
valleys  have,  however,  built  extensive  systems  of  ditches,  by 
which  all  of  their  waters  are  utilized  upon  the  ground  between 
the  foothills  and  the  Jordan.  There  are  thus  in  this  valley 
two  general  systems  of  water  supply,  that  from  the  Jordan 
and  that  directly  from  the  high  mountains.  These  two  systems 
cross  and  recross  and  are  intermingled  apparently  in  the 
greatest  confusion;  and,  as  in  other  systems  which  have  grown 
up  without  any  comprehensive  plan,  the  waters  of  the  one  are 
used  on  lands  which  could  be  covered  to  better  advantage 
by  the  waters  of  others,  and  there  is  a  very  general  lack  of 
economy  both  in  canal  construction  and  in  the  use  of  the 
water. 

An  examination  of  the  conditions  in  this  basin,  the  pressing 
need  of  water  in  the  lower  valleys,  especially  in  that  of  Salt 
Lake,  and  the  many  fine  natural  opportunities  for  saving  the 
floods  which  now  run  to  waste,  leads  to  the  conclusion  that  a 
comprehensive  and  general  study  must  be  made  of  the  water 
supply  of  the  whole  region,  in  order  that  vested  rights  may 
not  be  disturbed  and  that  the  best  results  may  follow  any 
attempt  at  storage,  for  which  there  are  unexcelled  facilities  in 
the  high  mountains. 

SEVIER. 

This  river  rises  north  of  the  Grand  Canyon  of  the  Colorado, 
in  the  high  plateaus  of  southern  Utah,  at  elevations  of  7,000  to 
10,000  feet,  and  flows  northerly  through  deep  canyons  and  nar¬ 
row  valleys  about  170  miles,  then  turns  abruptly  to  the  west, 
passing  still  between  high  rocky  walls,  and  finally  emerges 
through  a  deep  cutting  in  the  old  delta  upon  the  level  plains, 
once  the  bed  of  a  large  lake.  This  ancient  lake  has  shrunken 
to  the  lowest  point  in  the  basin,  and  is  now  merely  an  alkaline 
sink  into  which  the  river  water  flows  in  flood  time  and  is  lost 
by  evaporation,  leaving  behind  an  expanse,  miles  in  extent,  of 
white,  glistening  salts. 

Along  the  course  of  the  river  are  many  narrow  valleys  of 
great  fertility  and  in  these  agriculture  has  sprung  up  rapidly 
since  the  Indians  have  been  held  in  check.  Settlements  have 
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progressed  from  the  north  southward  and  canals  are  being 
taken  out  higher  and  higher  up  along  the  stream.  The  increase 
of  population  in  the  older  towns,  the  enlargement  of  ditches, 
and  the  development  of  a  comprehensive  system  of  high-line 
canals,  covering  more  land,  has  gone  on  rapidly,  while  at  the 
same  time  newcomers  have  settled  in  the  higher  valleys  and 
have  dug  new  ditches.  Thus  the  time  has  come  when  the 
need  of  water  in  the  older  and  lower  settlements  has  already 
far  exceeded  the  summer  discharge,  and  the  younger  men  and 
emigrants  in  want  of  farms  have  gone  higher  and  higher  up 
stream,  above  other  settlers,  even  to  altitudes  where  only  the 
hardier  crops  will  flourish,  but  where  water,  fuel,  and  grass 
abound.  In  these  high  plateaus  the  water  is  turned  from  the 
small  streams  lavishly  upon  the  gently  sloping  land,  making 
hay  meadows;  but  this  greatly  decreases  the  flow  of  the  river 
at  the  points  where  most  needed,  50  or  100  miles  below.  The 
matter  left  to  itself  is  thus  becoming  a  striking  instance  of  the 
survival  ot  the  man  highest  up  the  stream,  irrespective  of  his 
rights  or  of  the  best  use  of  the  water. 

Six  counties,  depending  largely  for  the  support  of  their  popu¬ 
lation  upon  this  river,  are  thus  involved  in  rancorous  disputes, 
and  are  threatened  with  interminable  litigation  as  the  questions 
of  priorities  have  been  complicated  by  shifting  of  settlements, 
enlargement  of  ditches,  and  transfers  of  water  rights,  and  the 
effect  of  water  diversions  in  one  part  of  the  river  upon  any  por¬ 
tion  below  can  not  easily  be  foreseen.  In  these  straits,  despair¬ 
ing  of  any  immediate  or  certain  settlement  of  the  rights  of  each 
canal  to  the  flowing  water,  the  farmers  are  agitating  the  ques¬ 
tion  of  the  storage  of  the  flood  waters  in  the  hopes  of  thus  pro¬ 
viding  water  for  all.  There  are  in  the  upper  catchment  areas 
many  fine  reservoir  sites  where,  by  a  small  expenditure  for 
embankments,  large  bodies  of  water  can  be  held. 

The  largest  and  most  important  valley  through  which  the 
Sevier  flows  is  that  from  Joseph  or  Munroe  northward  to  Gun¬ 
nison,  at  the  outlet  of  the  San  Pete  Valley.  Here  are  about  a 
dozen  towns  of  considerable  size,  surrounded  by  excellent 
farming  lands  of  great  extent.  All  the  summer  water  of  the 
river  is  taken  out,  the  bed  of  the  stream  having  been  dry  at 
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three  different  points  along  the  valley  in  the  summers  of  1888 
and  1889.  Below  each  of  these  places,  however,  a  notable 
amount  of  water  returns  to  the  bed  by  leaks  or  seepage,  to  be 
in  turn  diverted  into  a  canal  lower  down.  At  the  lower  or 
northern  end  of  this  valley  the  river  enters  the  canyons  and 
flows  north  and  westerly  for  about  40  miles  through  broken 
country,  with  but  an  occasional  strip  of  bottom  land  along  its 
course.  Finally,  at  Leamington,  the  river  debouches  and  be¬ 
gins  to  wind  through  the  great  plain,  or  Sevier  Desert.  Here 
are  enormous  tracts  of  fertile  land,  far  greater  in  extent  than 
the  volume  of  the  river  can  ever  cover.  The  principal  canal 
of  this  plain  is  the  Deseret,  taken  out  about  25  miles  below 
Leamington  and  carrying  water  to  the  town  of  that  name. 
Two  or  three  small  ditches  are  taken  out  at  Leamington,  lint 
as  they  do  not  extend  back  from  the  river  to  any  considerable 
distance  their  water  largely  returns  again  within  a  few  miles. 

The  history  of  the  Deseret  Canal  gives  an  illustration  of 
the  manner  in  which  the  first  canal  systems  were  laid  out  and 
the  costly  experiments  that  were  made  before  permanence  was 
obtained.  The  project,  as  first  planned,  was  to  take  water 
from  the  river  at  a  short  distance  above  Deseret  by  building 
a  dam  across  the  channel  and  thus  raising  the  water  to  an 
elevation  sufficient  to  cause  it  to  flow  into  the  ditch.  This 
could  readily  be  done,  as  the  banks  of  the  stream  are  some¬ 
what  higher  than  the  surrounding  country. 

The  settlers  came  to  the  country  in  1876,  and  two  years 
later  built  the  first  dam,  only. to  see  it  washed  out  by  the  next 
high  flood.  Dam  after  dam  was  built,  each  in  turn,  founded, 
from  necessity,  upon  the  alluvial  clay  deposits  from  the  old 
lake,  being  undermined  or  flanked  by  the  spring  torrents. 
Finally  the  river  forced  its  way  into  a  waste  ditch  and  cut  a 
new  channel,  thus  ruining  the  whole  system  in  spite  of  much 
labor  spent  in  fruitless  efforts  to  turn  the  river  back  into  its 
former  place.  After  every  resource  had  been  tried,  successive 
crops  being  lost,  and  the  farmers  nearly  brought  to  ruin,  they 
awoke  to  the  fact  that  they  were  attempting  the  impossible, 
that  a  dam  built  in  the  clay  banks  and  bed  of  the  river  could 
not  stand.  The  first  system  was  then  abandoned  and  a  new 
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canal  taking  water  from  the  river  higher  up,  was  constructed 
at  considerable  expense.  This  promises  success,  as  the  neces¬ 
sity  of  raising  the  water  by  a  dam  has  thus  been  obviated. 

All  this  expense  has  been  incurred  to  save  what  are  practi¬ 
cally  waste  waters  from  the  numerous  canals  above,  and  there 
are  now  grave  doubts  as  to  the  permanence  of  this  supply — 
whether  any  water  will  be  left  in  the  latter  part  of  the  crop 
season.  As  in  cases  previously  mentioned,  where  inhabitants 
of  the  large  valleys  of  the  upper  Sevier  were  anxiously  discuss¬ 
ing  the  storage  problem  and  how  to  get  the  stored  water  down 
to  those  who  pay  for  it,  the  settlements  about  Deseret  are 
eagerly  questioning  the  advisability  of  attempting  storage  in 
lower  valleys  or  in  depressions  among  the  foothills  along 
the  edge  of  the  desert  adjacent  to  the  river.  Hopes  are  enter¬ 
tained  that  by  diverting  some  of  the  flood  water  of  the  river 
into  such  reservoirs  these  lowest  and  last  users  of  the  river 
water  may  be  independent  of  the  river  during  the  critical 
periods. 

The  amount  of  water  which  passed  Leamington — and  which 
would  be  thus  available  for  storage  — during  the  last  year  has 
been  measured  at  the  gauging  station  located  at  a  convenient 
point  near  this  town,  giving  the  results  shown  in  the  tables  of 
monthly  discharges. 

J  © 

SNAKE  RIVER  BASIN. 

The  Snake  River  and  its  tributaries  receive  the  drainage  of 
that  part  of  Wyoming  west  of  the  Continental  Divide,  of 
nearly  all  Idaho  below  the  forty-fifth  parallel,  and  also  of 
southeastern  Oregon  and  northeastern  Nevada.  The  eleva¬ 
tion  of  the  main  river  at  the  junction  of  the  North  and  South 
Forks  is  about  4,800  feet,  and  at  its  union  with  the  Columbia 
River,  near  Ainsworth,  Washington,  under  340  feet. 

The  headwaters  of  the  Snake  mav  be  divided  into  two  dis- 

« J 

tinct  catchment  areas,  separated  by  a  high  mountain  range. 
One  of  these,  the  basin  of  the  North  Fork,  receives  its  water 
entirely  from  the  mountains  on  the  east,  while  the  South  Fork 
Basin  includes  all  the  area  between  the  Bear  River  ranve  on 

o 

the  south  and  the  Continental  Divide  on  the  north  and  east. 
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NORTH  FORK. 

The  basin  of  the  North  Fork  may  be  subdivided  into  three 
distinct  areas,  commonly  known  as  the  Henry  Lake,  Fall 
River,  and  Teton  Basins.  Henry  Lake,  the  real  head  of  the 
North  Fork,  is  a  shallow  sheet  of  water,  about  7  miles  long, 
with  a  varying  width  of  from  1  to  3  miles.  It  is  situated 
almost  on  top  of  the  divide  of  the  Rocky  Mountains,  the  ele¬ 
vation  between  its  watershed  and  that  of  the  Madison  River  in 
Montana  being  very  low.  It  is  only  during  the  melting  of  the 
snow  in  the  spring  that  there  is  any  discharge  of  note  trom 
this  lake,  and  in  1889  the  flow  ceased  entirely  about  Septem¬ 
ber  1.  The  average  elevation  of  the  basin  is  approximated  at 

6.500  feet. 

About  20  miles  below  the  lake  the  North  Fork  receives  a 
large  tributary  on  the  east  or  left  bank,  evidently  the  flow  from 
large  springs  in  the  high  mountain  range  on  the  west  line  ot 
the  National  Park.  The  flow  of  this  creek  on  August  1,  1889, 
was  300  second-feet. 

The  total  discharge  from  this  basin  was  measured  at  a  point 
about  a  mile  above  the  mouth  ot  Fall  River,  which  is  10  miles 
from  St.  Anthony  post-office  and  about  65  miles  from  Eagle 
Rock.  . 

The  Fall  River  and  Teton  Basins  are  similar  in  extent  and 
elevation  of  catchment  area,  being  separated  from  each  other 
by  a  spur  of  the  Teton  Range,  and  receiving  the  drainage  ot 
these  mountains.  The  elevation  of  the  highest  peak,  Grand 
Teton,  is  about  13,700  feet,  and  ot  the  plateaus  at  the  base 

5.500  to  8,000  feet.  The  precipitation  of  this  region  is  almost 
entirely  in  the  form  of  snow.  Trappers  and  hunters  who  have 
occasion  to  be  in  this  country  during  the  winter  report  the 
snowfall  to  be  from  5  to  10  feet  on  the  level,  and  in  drifts  50 
feet  or  more  in  depth. 

These  mountain  basins  may  all  be  described  in  the  same 
words:  very  heavily  timbered,  with  no  undergrowth  except 
along  the  streams,  and  occasionally  large  parks  or  open  stretches 
of  immense  natural  pasturage,  surrounded  by  peaks  rising 
abruptly  from  plateaus  on  which  the  snow  lies  for  five  months 
of  the  year. 
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The  streams  flowing  through  this  plateau  country  have  dur¬ 
ing  most  of  their  length  a  very  slight  grade,  are  wide,  and 
consequently  quite  shallow.  Their  fall  is  nearly  all  gained  in 
rapids,  sometimes  sheer  descents  of  20  to  30  feet,  followed  by 
long  stretches  of  sluggish  water.  After  leaving  the  mountains 
their  fall  becomes  more  uniform,  and  some  have  carved  deep 
channels.  Fall  River  has  a  decided  and  continuous  slope  after 
leaving  the  foothills,  while  the  Teton  River,  only  10  miles 
south,  has  a  very  gentle  decline. 

The  discharge  of  Fall  River  was  measured  at  a  point  6  miles 
from  the  junction  with  the  North  Fork  and  above  most  of  the 
irrigating  ditches,  the  Springville  Canal  being  the  only  canal 
of  importance  taking  water  above  this  point. 

The  Teton  was  measured  at  the  mouth  of  its  canyon,  about  3 
miles  from  the  town  of  Wilford,  the  point  being  a  half  mile 
above  the  highest  irrigation  ditch  and  above  all  water  diversions. 

There  is  as  yet  no  irrigation  carried  on  in  the  mountain  val¬ 
leys.  The  settlers  lower  down  cut  the  natural  hay  along  the 
streams  in  the  mountains  and  haul  it  for  use  during  the  winter. 
On  Henry  Lake  Fork,  above  the  mouth  of  Fall  River,  the 
country  is  unsettled.  On  Fall  River  the  first  steps  towards 
irrigation  were  taken  in  1889.  Two  small  canals  were  built, 
but  no  land  has  yet  been  brought  under  cultivation. 

In  Teton  River  Valley  all  the  water  of  that  stream  has  been 
appropriated,  but  is  sufficient  to  irrigate  only  a  small  part  of 
the  land  in  the  valley.  The  divide  between  the  Fall  River  and 
Teton  Valleys  near  the  foothills  is  very  low,  and  there  is  a 
movement  on  foot  among  the  settlers  in  the  latter  valley  to 
attempt  to  bring  the  waters  of  the  Fall  River  onto  the  Teton 
side. 

SOUTH  FORK. 

I  he  South  Fork  heads  in  Lewis  Lake  and  flows  into  Jack- 
son  Lake,  and  then  in  a  southwesterly  direction  through  Wyo¬ 
ming,  receiving  all  the  drainage  between  the  Teton  Range  on 
the  west  and  the  Continental  Divide  on  the  east.  After  reach¬ 
ing  the  Idaho  line  it  flows  in  a  northwesterly  direction  until 
its  union  with  the  North  Fork  east  of  Market  Lake. 

After  leaving  its  canyon  and  entering  the  Snake  River  Val- 
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ley,  about  25  miles  from  Eagle  Rock,  it  flows  in  several  chan¬ 
nels,  and  in  time  of  high  water  floods  a  considerable  area  in¬ 
cluded  between  the  old  dry  bed  of  the  South  Fork  and  its 
present  main  channel.  The  island  formed  by  the  Main  Snake, 
the  South  Fork,  and  its  old  channel  is  almost  wholly  irrigable 
and  contains  a  large  area  of  rich  land. 

Gaugings  were  made  September  14—17,  1889,  ol  the  various 
canals  taken  from  the  South  Fork  on  the  left  bank,  with  the 
following  results : 

Second-feet. 


Eagle  Rock  and  Willow  Creek  Canal .  103 

Farmers’  Friend  Canal .  65 

Burgess  Canal .  38 

Lewisville  Canal .  74 

Menan  Canal .  236 

In  old  bed  of  river .  70 

La  Belle  Canal .  11 

In  South  Fork,  below  these . 874 


The  total  flow  from  the  South  Fork  at  that  time,  obtained 
by  adding  these  and  other  gaugings,  was  1,600  second-feet. 

Most  of  the  present  irrigation  in  the  Snake  River  Valley  is 
done  with  water  from  the  forks  above  mentioned,  the  land  being 
along  the  South  Fork  and  between  this  and  the  North  Fork. 
The  method  of  applying  the  water  is  by  flooding,  and  at  pres¬ 
ent,  owing  to  the  abundance  of  water  and  the  ease  with  which 
it  can  be  taken  from  the  river,  the  greater  portion  is  allowed 
to  run  to  waste.  Wheat,  oats,  and  other  small  grain,  vegeta¬ 
bles,  and  grasses  are  the  crops  grown  at  present. 

West  and  northwest  of  this  irrigated  region  there  is  a  large 
catchment  area  which  is  included  in  the  basin  of  the  Snake, 
but  from  which  apparently  there  is  no  discharge.  This  is  the 
basin  of  the  Big  and  Little  Lost  Rivers,  both  heading  in  the 
mountains  of  the  same  name  and  receiving  the  drainage  of  a 
considerable  area.  During  ordinary  seasons  the  Big  Lost  River 
is  generally  dry  below  Arco,  although  the  “sinks”  in  the  lava 
are  some  distance  farther  east.  The  water  of  both  of  these 
rivers  is  nearly  all  appropriated  for  the  irrigation  of  hay  lands 
in  the  upper  valleys. 

The  main  Snake  River  is  formed  by  the  union  of  the  North 
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and  South  Forks  at  the  u  Buttes,”  about  10  miles  east  of  Mar¬ 
ket  Lake,  the  elevation  being1  about  4,780  feet.  From  this 
point  to  Blackfoot,  a  stretch  of  about  50  miles,  the  boundaries 
of  the  valley  are  not  well  defined.  On  the  east  side  the  width 
may  be  taken  as  from  20  to  30  miles,  but  on  the  west  side  the 
valley  extends  over  the  lava  plains  to  the  Lost  River  Desert 
and  has  no  well  marked  limit.  It  is  all  sage-brush  land,  with 
narrow  strips  of  timber  along  the  streams. 

The  large  tract  of  desert  land  south  of  the  junction  of  the 
Noitli  and  South  Forks  of  the  Snake  River  is  already  irrigated, 
or  capable  of  irrigation,  as  far  south  as  the  town  of  Eagle  Rock,' 
by  canals  completed  or  in  process  of  construction. 

Foi  about  10  miles  above  Eagle  Rock  the  river  flows  in  a 
lava  canyon  of  a  width  varying  from  100  to  200  feet  and  with 
walls  20  to  30  feet  in  height.  At  Eagle  Rock  it  leaves  the 
canyon  and  widens,  having  below  this  point  a  general  width  of 
300  to  400  feet,  with  bold  gravelly  banks  10  to  20  feet  high. 
The  slope  is  small,  the  general  fall  being  gained  in  rapids,  fol¬ 
lowed  by  long  stretches  of  sluggish  water.  The  portion  of  the 
river  examined  at  the  gauging  station  at  Eagle  Rock  showed 
the  bottom  to  be  exceedingly  uneven  and  covered  with  bowlders 
of  varying  size.  The  water  carries  at  ordinary  stages  but  little 
sediment.  The  principal  measurements  of  the  river  have  been 
made  at  this  point.  The  total  drainage  area,  excluding  the 
Lost  River  Basin  and  the  lava  plain  west  of  the  river,  is  10,100 
square  miles. 

There  are  sometimes  two  distinct  floods  in  the  main  stream, 
the  first  occurring  in  the  early  spring,  caused  by  sudden  melt¬ 
ing  of  snow  in  the  valley,  and  the  second,  the  main  flood, 
caused  by  the  melting  snows  among  the  headwaters.  The 
range  of  discharge,  from  extreme  low  water  to  flood,  is  very 
great  in  all  the  streams  heading  in  the  mountains.  Measure¬ 
ments  made  in  1890  show  the  ratio  to  be  at  least  1  to  25. 

The  main  flood  generally  occurs  about  June  1,  and  is  usu¬ 
ally  a  steady  rise  and  then  a  rapid  fall.  The  greatest  portion 
of  the  flood  water  comes  from  the  South  Fork,  but  on  account 
of  the  high  mountain  range  lying  between  the  headwaters  of 

the  North  and  South  Forks  the  flood  periods  in  the  two  may 
11  GEOL.,  PT.  2 - fi  J 
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be  some  days  or  weeks  apart.  The  extreme  low  water  in  1889 
extended,  in  the  main  river,  at  Eagle  Rock,  from  September  1 
to  October  15.  From  October  15  to  December  31  there  was 
a  steady  rise  of  2  feet  on  the  gauge.  No  gauge  readings  were 
made  after  December  31,  but  during  the  coldest  weather  in 


undoubtedly  decreased  the  discharge  in  the  main  river. 

The  ice  covered  the  stream  at  Eagle.  Rock  about  December 
1,  1889,  and  broke  March  1G,  1890.  It  was  reported  to  be 
2  feet  thick.  The  discharge  at  the  time  of  freezing  was  2, GOO 
second  feet,  and  the  estimated  flow  for  January,  February, 
and  March  is  2,000  second  feet. 

At  present  very  little  irrigation  is  done  from  the  river  itself. 
T1  le  ease  and  cheapness  with  which  canals  can  be  taken  from 
the  Forks  have  led  nearly  all  the  settlers  to  occupy  the  lands 
in  that  section.  Irrigation  has  gradually  crept  northward ;  as 
yet  it  has  reached  but  little  farther  than  the  north  side  of  Fall 
River.  Nearly  all  the  settlers  came  from  the  towns  in  Utah 
or  from  the  vicinity  of  Bear  Lake,  in  Idaho.  As  is  the  custom 
in  Utah  communities,  the  canals  were  constructed  by  the  set¬ 
tlers,  unaided  by  outside  capital,  and  are  nearly  all  owned  by 
the  present  landholders,  the  distribution  of  the  water  being 
governed  by  the  same  system  of  rules  as  is  now  in  use  in  Utah- 

The  irrigation  season  usually  begins  about  May  15  and 
extends  to  July  15.  If  the  spring  is  a  rainy  one  the  first  irriga¬ 
tion,  about  May  15,  is  omitted.  Three  thorough  irrigations 
are  considered  sufficient  for  raising  a  grain  crop.  The  first 
frosts  in  the  valley  occur  about  September  1,  thus  making  the 
growing  season  but  a  little  over  3  months  in  length. 

Below  the  forks  the  principal  tributaries  entering  the  river 
from  the  east  or  left-hand  side  are  the  Blackfoot  and  Portneuf 
Rivers.  The  Blackfoot  River  rises  in  the  mountains  lying  to 
the  east  and  joins  Snake  River  at  Blackfoot,  about  25  miles 
below  Eagle  Rock.  The  Portneuf  River  drainage  system  lies 
almost  wholly  within  the  Fort  Hall  Indian  Reservation.  This 
river  flows  northwesterly  and  joins  the  Snake  about  15  miles 
west  of  Pocatello. 

Considerable  irrigation  is  carried  on  along  the  Blackfoot 
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River,  Imt  in  the  main  Snake  River  Valley,  between  Blackfoot 
and  Eagle  Rock,  little  cultivation  is  possible,  owing  to  the 
gi  eat  difficulty  ot  getting  water  out  of  Snake  River.  At  present 
the  owners  of  several  of  the  canals  now  being  built  contem¬ 
plate  a  southward  extension  of  their  canals  to  Eagle  Rock, 
and  in  a  few  years  others  will  be  constructed,  taking  water  from 
the  main  Snake,  to  cover  the  vast  extent  of  fine  agricultural 
land  lying  between  Eagle  Rock  and  Blackfoot. 

In  the  vicinity  of  Eagle  Rock  but  two  of  the  canals  appro¬ 
priate  water  from  the  main  Snake,  there  being  many  engineer¬ 
ing  difficulties  in  the  way,  due  to  the  fact  that  the  river  flows 
in  a  deep  lava  canyon  for  a  large  part  of  its  course. 

From  the  Forks  for  200  miles  down,  on  the  right  bank,  until 
Wood  River  is  reached,  there  are  no  tributaries  draining  into 
the  stream.  Between  these  points  is  a  strip  of  land  lying 
along  the  right  bank,  with  a  varying  width  of  from  20  to  30 
miles,  that  is  comparatively  free  from  lava,  but  north  of  this 
strip  are  the  Snake  River  lava  beds,  extending  as  far  north  as 
the  foothills  and  as  far  west  as  Wood  River.  There  is  but  a 
very  small  amount  of  irrigation  carried  on,  probably  not  over 
1,000  acres,  from  Market  Lake  southward  are  cultivated. 

WOOD  RIVERS. 

The  confluence  of  Wood  and  Little  Wood  Rivers  is  about 
8  miles  from  Snake  River.  Below  this  point  Wood  River  is 
sometimes  called  the  Malade.  Above  the  confluence  up  the  W ood 
River  for  a  distance  of  about  40  miles,  to  the  mouth  of  Camas 
Creek,  there  is  no  surface  drainage  into  the  river.  For  most 
of  this  distance  on  either  side  there  is  a  lava  bed  ranging  in 
width  from  1  to  5  miles.  On  June  20,  1889,  the  river  at  Hailey 
was  flowing  about  300  second-feet,  while  at  the  junction  of 
Big  and  Little  Wood  Rivers,  50  miles  or  more  below,  the  bed 
was  almost  dry.  Little  Wood  River,  about  30  miles  above  this 
point,  was  flowing  30  second-feet,  and  its  principal  tributary, 
Silver  Creek,  170  second-feet,  in  all  200-second-feet;  there 
were  thus  500  second-feet  lost  in  the  flow  through  the  lava  beds, 
only  an  insignificant  amount  being  at  the  time  appropriated  for 
irrigation. 
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Camas  Creek,  which  drains  the  greRt  Camas  Prairie,  is  the 
lRst  tributary  to  Wood  River.  It  Iirs  r  length  of  about  50 
miles  and  is  fed  almost  entirely  by  springs  at  its  head.  The 
small  streams  flowing  into  it  from  the  north  are  always  dry 
during  the  summer  months,  but  judging  from  the  character  of 
their  channels  they  must  during  flood  seasons  carry  a  con¬ 
siderable  amount  of  water.  On  June  28,  1889,  Camas  Creek 
at  its  mouth  above  the  backwater  from  the  Wood  River  was 
flowing*  only  about  2  second-feet.  Its  grade  for  about  20 
miles  above  its  mouth  is  very  slight,  and  the  water  from 
Wood  River  backs  up  for  G  miles. 

Between  this  point  and  Hailey,  where  it  leaves  the  canyon, 
Wood  River  receives  no  tributaries.  The  drainage  area  is 
small,  but  comprises  some  of  the  highest  peaks  of  the  Sawtooth 
range. 

The  principal  branch,  Silver  Creek,  rises  in  several  springs 
at  the  foot  of  the  hills*  on  the  east  of  the  valley  about  10  miles 
southeast  of  Hailey,  and  flows  only  about  14  miles  to  join  the 
Little  Wood.  On  July  1  its  measured  flow  at  a  point  about 
15  miles  from  Hailey  was  176  second-feet.  The  range  of  flow 
seems  to  be  between  very  narrow  limits,  hardly  exceeding  250 
second-feet  and  not  falling  below  100  second-feet.  The  water 
of  the  Little  Wood,  as  mentioned  before,  is  lost  in  the  lava 
before  reaching  Big  IV ood  River.  In  fact  it  may  be  said  that, 
except  in  unusual  floods  in  Wood  River,  the  Snake  receives  no 
surface  drainage  on  the  north  side  between  Boise  River  and 
Eagle  Rock. 

Between  Wood  River  and  Bois4  City  are  eight  small 
creeks  whose  channels  are  nearly  parallel  and  are  evenly  dis¬ 
tributed  along  a  distance  of  about  80  miles.  The  largest  of 
these,  and  the  only  one  of  importance,  is  Canyon  Creek,  receiv¬ 
ing  its  supply  from  the  low  hills  lying  just  south  ot  the  south 
fork  of  the  Boisd  River.  On  June  10,  1889,  this  creek  was 
carrying  about  8  second  feet,  and  during  its  high  water,  which 
occurred  near  May  1,  it  probably  carried  about  30  second-feet. 

The  next  stream  flowing  into  the  Snake  after  leaving  Canyon 
Creek  is  the  Boise  River,  then  the  Payette,  and  next  the  Weiser. 
The  latter  is  the  last  stream  of  importance  on  the  south  side  of 
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the  Salmon  River  range.  On  the  left  or  southerly  bank  of  the 
river  the  number  of  streams  flowing  into  it  is  much  larger  and 
an  important  part  of  the  drainage  reaches  the  river,  as  the  dis¬ 
tance  to  the  hills  is  much  less  than  on  the  right  bank.  The 
most  notable  of  these  streams  are  the  Salmon,  Bruneau  Fall, 
Owyhee  and  Malheur  Rivers. 

OWYHKE. 

The  Owyhee  River  empties  into  Snake  River  at  a  point 
where  the  latter  begins  to  form  the  boundary  between  Idaho 
and  Oregon. 

The  sources  of  the  Owyhee  are  found  in  three  States.  The 
North  Fork  and  the  East  or  Middle  Fork  rise  in  the  south¬ 
western  corner  ot  Idaho  and  flow  northwesterly  to  their  junc¬ 
tion  with  the  main  river.  The  South  Fork  and  Little  Owyhee 
River  rise  in  northern  Nevada  and  flow  in  a  northerly  direction, 
uniting  near  the  union  of  the  North  and  Middle  Forks.  The 
river  then  flows  northwest  for  about  30  miles,  when  it  receives 
the  waters  of  two  more  tributaries,  Jordan  Creek  from  the 
east,  and  Rattlesnake  Creek,  about  4  miles  below,  from  the 
south.  Jordan  Creek  rises  in  the  Silver  City  range  of  moun¬ 
tains  in  Idaho  and  flows  nearly  due  west.  Rattlesnake  Creek 
rises  in  the  southeastern  corner  of  Oregon. 

The  upper  catchment  areas  of  the  Owyhee  are  wild  and 
unsettled,  being  generally  broken  and  rocky  country  alternat¬ 
ing  with  barren  desert  land.  A  few  isolated  stock  ranches  are 
scattered  along  the  upper  river  and  its  branches,  but  on  account 
of  the  rocky  character  of  the  soil  and  the  steep  descent  to  the 
river  bottom  but  little  agriculture  can  be  carried  on.  The 
river  for  the  most  part  flows  through  narrow  canyons,  and  has 
carved  deep  channels  even  in  the  open  valleys.  The  fall  is 
considerable  in  the  canyon,  but,  as  is  characteristic  of  all  the 
rivers  ot  this  region,  there  are  reaches  of  comparatively  slug¬ 
gish  water  Timber  is  found  on  the  headwaters  and  at  the 
head  of  Jordan  Creek  is  a  noted  mining  district,  Silver  City, 
where  the  timber  is  plentiful  and  is  cut  mostly  for  mining 
purposes.  Large  quantities  of  snow  fall  on  these  mountains 
during  the  winter,  contributing  to  the  drainage  of  the  Owyhee 
through  J  or  dan  Creek. 
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About  the  only  settlement  of  any  note  where  irrigation  is 
practiced  is  in  the  Jordan  Valley.  Stock  ranches,  upon  which 
hay,  alfalfa,  and  grain  are  raised,  are  scattered  along  the 
valley  from  its  mouth  nearly  to  the  headwaters. 

On  Rattlesnake  Creek  are  few  ranches,  and  on  these  little 
cultivation  is  found,  wild  hay  being  the  only  crop. 

The  main  river  enters  a  deep  canyon  a  few  miles  below 
Rattlesnake  Creek,  and  flows  northeasterly  through  this  canyon 
for  over  7 0  miles  without  receiving  a  tributary.  The  country 
adjoining  this  canyon  is  wild  and  rough,  with  Cedar  Moun¬ 
tains  lying  to  the  west  and  a  stretch  of  broken  lava  rock  to 
the  east.  The  river  leaves  the  canyon  about  9  miles  from  its 
junction  with  Snake  River,  and  the  country  opens  out  on  the 
west  side  into  the  broad  Snake  River  Valley.  The  foothills 
swing  around  to  the  north,  leaving  a  stretch  of  flat  country 
25  miles  long  and  from  5  to  10  miles  wide.  It  is  at  the  mouth 
of  this  canyon  that  the  Owyhee  Ditch  Company  have  their 
head-sfate.  It  is  estimated  that  a  ditch  could  be  taken  out  at 

o 

this  point  to  cover  50,000  acres  of  good  land. 

The  flood  season  of  the  Owyhee  River  is  in  the  early  spring, 
occurring  this  year  (1890)  about  the  1st  of  March.  The  flood 
discharge  was  estimated  at  about  15,500  cubic  feet  per  second, 
this  being  of  short  duration,  the  river  falling  several  feet 
within  a  few  days.  The  record  of  gauge  heights  at  the  gaug¬ 
ing  station  was  begun  on  March  26,  1890,  when  the  gauge 
read  5*9  feet.  The  river  did  not  vary  from  this  height  more 
than  0\5  foot  until  the  12th  day  of  May,  when  it  rose  to  7J,  a 
foot  of  this  rise  taking  place  during  the  night  of  the  11th. 
The  discharge  of  the  12th  of  May  was  11,230  cubic  feet  per 
second.  From  that  date  the  river  fell  slowly  and  steadily;  on 
August  9  the  discharge  was  only  170  second-feet.  The  mean 
monthly  discharges  are  shown  in  the  accompanying  tables. 

Although  the  Owyhee  flows  through  a  barren  waste  for 
the  greater  part  of  its  course,  yet  it  has  on  one  or  two  of 
its  branches  a  catchment  area  at  a  level  sufficiently  high  to 
hold  enough  snow  to  produce  a  decided  increase  in  the  river’s 
discharge  in  the  late  spring. 
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MALHEUR. 

The  Malheur  River  is  in  eastern  Oregon  chiefly,  in  what 
is  now  known  as  Malheur  County.  The  South  Fork  receives 
the  drainage  of  the  western  slope  of  the  northern  end  of  Steins 
Mountains,  a  range  extending  southward  into  Nevada.  This 
fork  rises  at  about  the  forty-third  parallel  and  flows  slightly 
east  ot  north  for  40  miles,  when  it  unites  with  the  Middle 
F ork.  Continuing  in  a  northerly  direction,  these  two  streams 
unite  with  the  North  Fork  and  then  flow  northeasterly  to  the 
junction  with  Snake  River,  near  the  town  of  Ontario.  The 
total  length  of  the  river  to  the  head  of  the  South  Fork  is 
about  125  miles.  The  main  river  receives  two  tributaries  of 
importance  below  the  North  Fork,  Bully  Creek  coming  in  at 
Vale,  and  Willow  Creek  joining  the  main  stream  about  2  miles 
below  Vale. 

The  North  and  Middle  Forks  have  their  sources  in  the  same 
range,  with  but  a  low  divide  between  them.  These  forks  carry 
the  greater  portion  of  the  water  all  the  year  round,  the  moun¬ 
tains  at  their  headwaters  being'  higher  and  the  catchment  area 
considerably  greater  than  those  of  the  South  Fork.  Snow  on 
these  mountains  usually  lasts  until  June,  and  on  “Strawberry 
Butte,”  a  high  peak  at  the  head  of  the  Middle  Fork,  snow 
lasts  about  all  the  year  round.  The  fall  of  all  these  forks  is 
mostly  gained  in  rapids  or  series  of  small  falls  in  the  canyons, 
while  in  the  several  valleys  the  slope  is  slight. 

The  South  Fork,  as  a  rule,  carries  but  little  water.  Although 
the  catchment  area  is  large,  a  small  proportion  of  the  precipi¬ 
tation  reaches  the  stream  bed.  At  the  heads  of  all  the  forks 
timber  is  found,  consisting  of  pine,  fir,  tamarack,  and  other 
conifers. 

1  lie  highest  water  in  the  Malheur  River  occurs  very  early 
in  spring,  usually  about  the  1st  of  March,  at  the  breaking  up 
of  the  ice.  The  maximum  flow  in  1890  was  on  March  20, 
amounting  to  nearly  4,500  second-feet.  The  maximum  flow 
for  the  last  six  years  is  estimated  to  be  between  7,000  and 
8,000  second-feet.  The  mean  monthly  flow  from  March  to 
August,  inclusive  (1890),  is  shown  in  the  table  of  discharge. 
During  the  summer  season  the  Malheur  is  practically  dry 
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below  Yale.  The  discharge  at  Yale  on  August  20,  1890,  was 
about  6  cubic  feet  per  second.  This  scarcity  of  water  is  due 
to  irrigation  from  the  upper  forks  and  tributaries. 

On  the  North  Fork  irrigation  is  practiced  nearly  up  to  Castle 
Rock,  a  distance  of  about  20  miles.  The  ranches  are  mostly 
those  of  stock-raisers,  whose  crops  consist  of  wild  hay  and 
alfalfa  and  a  little  grain.  The  Middle  Fork  is  also  largely 
settled  by  stock-raisers,  and  irrigation  is  carried  on  nearly  up 
to  the  headwaters.  There  are  a  few  ranches  on  South  Fork, 
but  extensive  irrigation  is  not  possible  because  of  the  scarcity 
of  water.  Bully  Creek  and  Willow  Creek  are  settled  nearly 
up  to  their  heads,  and  during  the  irrigating  season  about  all  of 
the  water  is  appropriated  for  irrigating  purposes. 

About  12  miles  above  Yale  the  Malheur  enters  its  last 
canyon.  On  the  south  side  of  the  river,  between  Yale  and  the 
canyon,  there  are  four  ditches  taken  out,  covering  probably 
between  2,000  and  3,000  acres.  On  the  north  side  there  are 
but  two  ditches,  covering  about  2,000  acres.  The  soil  often 
contains  alkaline  salts.  The  top  soil  is  a  stiff  adobe,  with  little 
sand,  and  varies  from  2  to  6  feet  deep.  It  is  underlaid  by  a 
hard,  compact,  dark  colored  stratum,  under  which  is  the  gravel 
of  the  old  river  bed,  which  is  usually  water-bearing. 

The  system  of  irrigation  by  lateral  seepage  from  parallel 
furrows  is  employed  to  a  considerable  extent,  on  account  of 
the  great  loss  from  evaporation  when  the  system  of  flooding  is 
used,  the  character  of  the  soil  causing  the  water  to  stand  for 
a  long  period  before  absorption. 

The  only  ditch  taken  out  of  the  Malheur  below  Yale  is  the 
Nevada  ditch,  the  lieadgate  of  which  is  1J  miles  below  the 
gauging  station.  This  ditch  has  about  60,000  acres  of  irrigable 
land  under  it,  of  which  1,500  acres  are  said  to  be  under  cultiva¬ 
tion.  The  settlers  under  this  ditch  have  suffered  from  a  scarcity 
of  water,  caused  by  the  great  amount  appropriated  and  used 
from  the  river  above.  Until  more  water  is  obtained  the  lower 
valley  will  remain  unsettled  and  unreclaimed.  Storage  is 
necessary  to  retain  the  waste  waters  of  the  early  spring,  for 
use  as  needed  during  the  irrigating  season. 
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*WEISER. 

The  Weiser  River  is  included  in  Washington  County,  on  the 
western  border  of  Idaho.  It  receives  the  drainage  of  that  county 
except  the  headwaters  of  Little  Salmon  River  and  also  Big  Wil¬ 
low  Creek,  part  of  the  Payette  River  drainage,  and  a  few  small 
creeks  emptying  directly  into  Snake  River.  This  river  rises 
in  the  northeastern  part  of  the  county  and  takes  a  southwesterly 
course  for  a  distance  ot  about  40  miles,  whence  it  flows  nearly 
due  west  for  10  miles  to  its  junction  with  Snake  River  at  the 
town  of  Weiser. 

The  Weiser,  Payette,  and  Little  Salmon  Rivers  have  their 
sources  very  close  together.  A  high  divide  separates  the 
W  eiser  from  the  Payette  drainage,  forming  the  principal  water¬ 
shed  of  both  rivers.  The  main  stream  heads  close  to  the 
county  line,  a  low  divide  separating  it  from  Rapid  River,  part 
of  the  Little  Salmon  drainage.  The  principal  tributaries  come 
in  from  the  east,  those  on  the  west  or  right  side  having  little 
importance.  From  the  headwaters  to  the  junction  with  the 
Snake  the  river  has  a  very  considerable  fall.  The  elevation  of 
the  upper  catchment  area  is  from  6,500  to  7,000  feet,  while  at 
its  mouth,  about  70  miles  below,  the  elevation  is  oidy  2,100 
feet.  The  fall  is  gained  mostly  in  rapids  and  small  falls  in  the 
canyons,  while  in  the  valleys  the  fall  is  very  slight  and  the 
current  often  sluggish. 

The  first  valley  of  any  consequence  is  called  Council  Valley, 
about  10  miles  from  the  head  of  the  river.  It  is  6  miles  long 
and  comprises  a  large  area  ot  fine  grazing  land  which  supports 
a  number  ot  large  stock  ranches.  All  of  the  country  above 
Council  Valley  is  heavily  timbered  with  pine,  fir,  and  tamarack. 

The  precipitation  during  the  greater  part  of  the  year  on  the 
mountains  lying  to  the  east  is  largely  of  snow,  which  remains 
far  into  the  spring,  and  on  some  ot  the  highest  peaks  nearly 
all  the  year  round.  The  highest  water  is  generally  early  in 
spring,  and  is  caused  by  the  breaking  up  of  the  ice  and  the  sud¬ 
den  melting  of  snow  on  the  foothills  and  lower  tributaries  In 
1890  the  highest  water  occurred  March  19,  when  the  discharge 
was  11,220  second-feet.  This  flood  was  of  short  duration, 
lasting  but  one  day,  the  rise  and  decline  being  equally  sudden, 
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since  the  high  water  was  caused  by  several  warm  days  occurring 


in  succession. 

The  discharge  from  March  to  June  was  considered  large. 
The  height  of  the  water  fluctuated  from  day  to  day  in  the  early 
part  of  the  spring,  an  effect  due  almost  entirely  to  changes 
of  temperature.  A  warm  day  had  an  immediate  influence  in 
increasing  the  discharge,  while  on  a  cool  day  the  discharge 
was  checked.  The  variations  of  temperature  from  day  to 
night  also  caused  a  very  perceptible  difference  in  the  river 
height,  causing  it  to  fall  at  night  and  rise  during  the  day. 

After  the  lower  snows  had  disappeared  the  discharge  ot  the 
Weiser  was  kept  up  by  the  melting  of  the  snows  on  the  higher 
ranges.  Thus,  while  the  creeks  and  streams  on  the  west  side 
and  the  foothills  snow  furnished  the  earlier  water,  the  Middle 
and  East  Forks  and  the  Little  Weiser,  heading  in  the  high 
mountains  to  the  east,  contributed  the  greater  part  of  the  later 
discharge.  The  table  of  monthly  mean  will  show  most  clearly 
the  relative  discharge  for  each  month.  The  latter  part  of 
August  is  the  usual  time  of  extreme  low  water  and  by  the  middle 
of  September  the  river  begins  to  rise  slowly.  Ice  generally 
forms  on  the  headwaters  by  the  1st  of  November,  and  rarely 
breaks  before  the  last  of  March.  On  the  lower  river,  however, 
it  does  not  appear  until  the  last  of  December,  and  breaks  gen¬ 
erally  by  the  last  of  February. 

The  headwaters  are  little  settled ;  few  ranchers  are  found 
above  Council  Valley.  There  are  a  few  settlers  in  Indian 
Valley,  on  the  Little  Weiser.  At  Salubria  there  is  a  settlement 
of  four  or  five  hundred  people.  Middle  Valley,  on  the  main 
Weiser,  below  Salubria,  is  quite  thickly  populated. 

Irrigation  is  practiced  on  all  the  valleys  as  far  up  as  Council 
Valley,  the  water  being  taken  from  the  main  stream  and  from 
its  branches  and  tributaries.  Above  this  point  the  upper 
Weiser  Valleys  are  largely  devoted  to  stock-raising.  The 
principal  crops  are  wild  hay  and  alfalfa,  grain,  and  small 
amounts  of  vegetables  for  home  consumption.  The  stock  is 
allowed  to  graze  at  will  on  the  immense  natural  pasturage  in 
the  hills  during  the  spring  and  summer  months,  but  during  the 
winter  the  cattle  are  fed  on  hay. 
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Below  the  mouth  of  the  last  canyon  on  the  Weiser,  in  which 
the  gauging  station  is  located,  the  river  opens  out  into  a  wide 
bottom,  ranging  from  1  to  8  miles  in  width,  joining  the  main 
Snake  River  Valley  at  its  lower  end.  On  the  north  side  of  the 
river  there  are  two  ditches  taken  out  below  the  canyon,  the 
Weiser  Water  Company’s  ditch  and  the  ditch  of  the  Weiser 
City  Ditch  and  Irrigation  Company,  also  called  the  “Mill 
Ditch.” 

Irrigation  in  this  valley  usually  begins  about  May  1.  Owing 
to  the  wet  spring  of  1890,  it  was  as  late  as  May  15  before 
any  irrigation  was  done.  The  irrigation  of  the  grain  crop 
ceases  about  June  15,  and  two  waterings  are  deemed  sufficient. 
Corn  is  irrigated  up  to  August  1,  requiring  from  three  to  four 
waterings.  Alfalfa  is  the  most  productive  crop  raised ;  three 
crops  of  nearly  2  tons  to  the  acre  each  are  usually  obtained. 
Alfalfa  is  watered  once  for  every  cutting ;  it  is  rarely  irrigated 
later  than  September  1.  Frost  may  be  expected  any  time 
after  September  15,  but  it  rarely  occurs  before  October  1. 

On  the  Owyhee  the  first  or  spring  flood  is  caused  by  the 
sudden  breaking  up  of  the  ice  and  the  melting  of  large  quan¬ 
tities  of  low-lying  snows.  It  is  sudden  and  of  short  duration, 
in  this  respect  all  of  the  rivers  of  this  general  region  being- 
similar,  all  having  their  early  spring,  or  more  properly,  late 
winter  floods. 

Those  rivers  having  large  catchment  areas  in  high  ranges 
which  retain  the  winter  snows  long  into  the  spring  are  charac¬ 
terized  by  a  second  spring  flood,  occurring  at  any  time  from 
the  1st  of  May  to  the  1st  of  June.  Long  after  the  first  snows 
on  the  lower  tributaries  have  melted  and  run  off  in  the  early 
spring  the  higher  snows  remain  intact,  and  continue  so  until 
the  protracted  warm  weather  of  the  later  spring  months 
begins  to  have  effect;  this  snow  then  melts  and  a  second  flood 
is  experienced.  Usually  this  is  more  gradual  and  less  spas¬ 
modic  in  its  nature.  It  lasts  perhaps  several  days  or  weeks, 
and  falls  steadily  and  slowly  to  the  extreme  low-water  stage, 
which  occurs  generally  in  August. 

The  Malheur  River  kept  a  very  uniform  discharge  from 
the  middle  of  March  to  the  1st  of  May.  After  this  it  began 
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to  fall  slowly  and  steadily  to  extreme  low  stage,  when  it  had 
practically  no  discharge  at 'the  gauging  station.  The  Malheur 
experienced  no  second  flood,  as  did  the  other  rivers,  there 
being  no  mountain  catchment  area  at  the  headwaters  high 
enough  to  keep  back  sufficient  snow  to  create  a  very  percepti¬ 
ble  increase  in  the  discharge  when  warmer  weather  came. 

The  Weiser  River  in  Idaho  has  a  varied  discharge,  sudden 
spasmodic  floods  are  common,  and  a  rise  of  2  feet  in  one  night 
occurred  several  times  during  the  last  spring. 

When  the  gauge  was  established  on  March  13  at  the  gaug¬ 
ing  station  on  the  Weiser  it  read  4:4  feet.  On  the  15th  the 
gauge  read  5T  feet,  and  the  discharge  was  about  2,400  second- 
feet.  On  March  17  the  river  had  risen  to  7  feet,  increasing 
the  discharge  to  5,500  second-feet,  and  on  March  19  the 
gauge  read  10'5,  rising  2  feet  in* one  night.  Ihe  discharge 
was  then  estimated  at  13,000  second-feet.  The  river  then 
fell  to  5-8  on  the  29th  of  March,  and  the  next  day  it  was  up 
to  7  2.  Another  slight  flood  occurred  on  April  23  and  24,  and 
another  about  the  1st  of  May,  after  which  date  the  river  began 
to  fall  steadily  until  the  low  stage.  About  the  middle  of 
August  the  discharge  was  only  160  second-feet. 


MONTHLY 


DISCHARGES. 


Factors. 

Cubic  feet  in  acre-foot .  43  ggq 

Seconds  in  day . .  86,  400 

Seconds  in  month  30  days .  .  2  592  000 

Seconds  in  month  31  days . '  2  678  400 

1  second  foot  for  1  day  equals . acre  feet. .  ’  1  -9835 

Cubic  feet  per  second  into  acre-feet  per  month  of  30  days . .  59  *505 

Cubic  feet  per  second  into  acre-feet  per  month  of  31  days .  61 -488 

Cubic  feet  per  second  to  depth  of  run-off  in  inches,  per  month  of  30  days.  1  ‘122 

Area. 

Cubic  feet  per  second  to  depth  of  run-off  in  inches  per  month  of  31  days.  1  '153 

Area. 


Yellowstone,  at  Horr,  Montana. 


[Drainage  area,  2,700  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1889. 

August  12  to  31 . 

September . 

October . 

November . 

December . 

Sec.-ft. 

1,853 

1,653 

1,126 

841 

Sec.-ft. 

1,411 

1,126 

841 

651 

Sec.-ft. 

1,660 

1,270 

976 

743 

*650 

*550 

*550 

585 

1,417 

7,522 

10,086 

7,682 

4,375 

Acre-feet. 
102,090 
75, 565 
60,024 
44,208 
39,975 

33.825 
30, 525 
35, 977 
84,311 
462,  (303 
600, 117 
472, 443 
269, 065 

Inches. 
0  71 
•52 
•42 
•31 
•28 

•23 

•21 

•25 

•59 

3- 21 

4- 17 
3-28 
1-87 

Sec. - ft. 
•62 
•47 
•36 
•27 
•24 

■20 

■20 

•22 

•52 

2-79 

3  74 
2-84 
1-62 

1890. 

January  . 

February  . 

March  21  to  31  . 

April . 

May . 

June . 

July . 

August . 

620 

4,495 

11,915 

11,915 

9,410 

5,600 

560 
510 
5,090 
8,720 
5,760 
3, 145 

*  Estimate. 


West  Gallatin,  20  miles  above  Bozeman,  Montana. 


[Drainage  area,  860  square  miles.] 


1889. 

August  16  to  31 . 

437 

402 

426 

26, 200 

•58 

•50 

September . 

640 

402 

450 

26,  775 

•59 

•53 

October . 

437 

367 

402 

24,723 

•54 

•47 

November . 

*400 

23  HOO 

*52 

•47 

December . 

*400 

24,’ 600 

•54 

•47 

1890. 

January  . 

*320 

ip 

*43 

February  . 

*320 

17  760 

*39 

March  23  to  31 . 

320 

320 

320 

19,  680 

•43 

•38 

April . 

1.255 

280 

460 

27,370 

•60 

•54 

May . 

3, 195 

1,300 

2,092 

128, 658 

2-84 

2'46 

June . 

3,800 

2,060 

2,641 

157, 139 

3-47 

3-11 

July . 

2, 165 

890 

1,388 

8, 362 

1  '88 

1-63 

August . 

890 

570 

761 

46, 801 

1  -03 

•89 

*  Estimate. 
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Madison,  at  Red  Bluff,  Montana. 


[Drainage  area,  2,085  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Kun-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1890. 

Sec.-ft. 

Sec.-ft. 

Sec.-ft. 
*1, 200 
*1,200 
*1,200 
1,620 
4,823 
4,977 
2,518 
1,535 

Acre-feet. 
73,800 
66, 600 
73, 800 
96, 390 
296, 614 
296, 131 
154,857 
94, 462 

Inches. 

•66 

•60 

•66 

•87 

2-67 

2‘6tj 

1-39 

•85 

Sec.-ft. 

•57 

•57 

■57 

•78 

2-31 

2-38 

1'21 

•74 

April  4  to  30 . 

May  . 

June . 

July . 

August . 

2,580 
6,420 
6, 360 
3,660 
1,640 

1,370 

3,060 

3,780 

1,715 

1,375 

*  Estimate. 


Red  Rock,  at  Red  Rock,  Montana. 


[Drainage  area,  1,330  square  miles.] 


1890. 

.January . 

*40 

2, 460 

•03 

•03 

February . . 

*40 

2,220 

•03 

•03 

March  . 

*40 

2,460 

•03 

•03 

April  9  to  30 . 

605 

40 

184 

10^  948 

•15 

•14 

May . 

675 

465 

577 

35,485 

•50 

•43 

June . 

500 

250 

384 

22,848 

•32 

•29 

July . 

220 

50 

93 

5,720 

•08 

•07 

August . 

50 

40 

48 

2,952 

•04 

•04 

September . 

60 

40 

47 

2,800 

•04 

•03 

October . 

220 

60 

150 

9,230 

•13 

11 

*  Estimate. 


Missouri,  at  Canyon  Ferry,  Montana. 


[Drainage  area,  15,036  square  miles.] 


1889. 

September . 

2,040 

1,693 

1,873 

111,443 

•15 

•12 

October . 

2, 516 

2,040 

2, 230 

137, 145 

•18 

•15 

November . 

2,834 

2,230 

2,502 

148,869 

•20 

•17 

Missouri,  at  Craig,  Montana. 


[Drainage  area,  17,615  square  miles.] 


1890. 

April  17  to  30 . 

6,100 

3,595 

4,662 

277, 389 

•29 

•26 

May  . 

12,500 

6,900 

10,472 

644,030 

•68 

•59 

June . 

11,900 

8,100 

10,074 

599,401 

•64 

•57 

July . 

7,800 

2, 614 

5.020 

308,730 

•33 

•28 

August . 

2,505 

1,960 

2,216 

136,284 

•14 

•13 

Sun,  above  Augusta,  Montana. 


[Drainage  area,  1,175  square  miles.] 


1889. 

August  5  to  31 . 

221 

200 

213 

13,100 

•21 

•18 

September . 

260 

200 

214 

12,733 

•20 

•18 

October . 

200 

200 

200 

12,300 

•20 

•17 

November  . 

200 

180 

191 

11,364 

•18 

•16 

December  . 

*175 

10,762 

•17 

•15 

1890. 

January  . 

10,760 

•17 

•15 

*175 

9^712 

T5 

•15 

March  . 

*175 

10^  760 

•17 

•15 

April . 

1,580 

160 

371 

22,074 

•35 

•31 

May . 

4,085 

1,990 

2,804 

172,446 

2  -75 

2-38 

June . 

4, 000 

1 , 850 

2,342 

139,349 

2-23 

1'99 

July . 

2,440 

450 

961 

59, 101 

•94 

•81 

August . 

480 

315 

371 

22, 816 

•36 

•19 

*  Estimated. 
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Cache  la  Poudre,  at  Fort  Collins,  Colorado. 

[Drainage  area,  1,0G0  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1884.  . 

March  15  to  31 . 

April . 

May . 

June . 

July . 

August . 

September . 

October  1  to  16  . . 

1885. 

April . 

May . 

June . 

July . 

August _ ... 

September . 

October  1  to  10  . . . 

1886. 

April  27  to  30 . 

May . 

June . 

July . 

August . 

September . 

October . 

1887. 

May  18  to  29 . 

June  14  to  30 . 

July . 

August . ■  . 

September . 

1888. 

April . 

May . 

June . 

July . 

August . 

September . 

1889. 

January  . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

September . 

October . 

N  ovember . . . 

December . 

1890. 

January  . 

February . 

March . . . 

April . 

May . 

June . 

July . 

August . 

Sec.-ft. 
92’0 
707 
5, 393 
5,611 

3. 970 
1,231 

446 
225 

822 
1,965 
3, 857 
3, 186 
1.116 
387 
210 

447 
2, 660 
2,584 
1,175 
1,476 

284 

140 

2,380 

1.970 
1,260 

430 

300 

350 

790 

1,490 

690 

500 

180- 

342 

198 

125 
342 

1,886 

1,960 

844 

455 

75 

92 

122 

89 

101 

138 

126 
481 

1,710 

1,804 

1,025 

404 

Sec.-ft. 

48 

64 

453 

3,474 

862 

423 

230 

196 

241 

954 

2,235 

1,076 

369 

210 

202 

369 

404 

1,227 

393 

232 

115 

120 

1,150 

1,050 

410 

220 

,  110 

100 

250 

680 

260 

140 

70 

71 
69 

'  41 

48 
215 
837 
271 
67 
56 
55 
46 
33 

46 
37 

47 
71 

436 

1,016 

336 

150 

Sec.-ft. 

67 
219 
2,537 
4,812 
2, 144 
792 
305 
205 

447 

1,419 

2,910 

1,857 

656 

273 

203 

405 

1,309 

1,875 

717 

338 

185 

129 

1,822 

1,401 

735 

307 

175 

181 

483 

1,113 

420 

213 

109 

151 

106 

46 

113 

649 

1,338 

514 

187 

67 

69 

88 

64 

82 

79 

85 

200 

1,044 

1,280 

649 

287 

Acre-feet. 
4,120 
13, 030 
156,025 
286,314 
131,856 
48, 708 
18, 147 
12, 607 

26, 596 
87,268 
173, 145 
114,205 
40,344 

16.243 
12,484 

24,097 
80,403 
111,562 
44, 095 
20, 787 
11,007 
7, 933 

112,053 

83,360 

45,202 

18,880 

10,412 

10, 770 
29, 704 
66, 223 
25, 830 
13, 100 
6,485 

9,286 
5,883 
2,830 
6,723 
39, 913 

79. 611 

31.611 
11,500 

3, 986 

4.243 
5,236 

3, 935 

5,043 
4,384 
5,227 
11,900 
64, 206 
76, 158 
39, 950 
17, 650 

Inches 

•07 

•23 

2- 77 
5-08 
2‘  4 

■87 

•32 

■22 

•47 

1- 55 

3- 07 

2- 02 
•71 
•29 
•22 

•43 

1-42 

1-97 

■78 

•37 

•19 

•14 

1-98 

1-47 

■80 

’33 

•18 

•19 

■52 

1-17 

•46 

•23 

•11 

•16 

•10 

•05 

•12 

•71 

1'41 

•56 

•20 

•07 

■07 

■09 

•07 

•09 

•08 

■09 

•21 

1-13 

1-35 

•71 

•31 

Sec.-ft. 

06 

■21 

2 '39 
4'54 
2-03 
•75 
•29 
•19 

■42 

1  ’35 
2-74 
1-75 
•62 
•25 
•19 

•38 

1'23 

1-77 

•68 

■32 

•17 

12 

1  '72 
1.32 
•69 
•29 
•16 

•17 

•45 

1'05 

•40 

•20 

•10 

■14 

•10 

04 

'll 

•61 

1  ’26 
.48 
•18 
•06 
•06 
■08 
•06 

■08 

•08 

■08 

•19 

•99 

1  '21 
•61 
•27 

East  Fork  Arkansas,  near  Leadville,  Colorado. 


[Drainage  area,  44  square  miles.] 


1890. 

April  25  to  31 . 

63 

15 

46 

2,735 

1-16 

1  04 

May . 

339 

45 

213 

13, 100 

5-57 

4-84 

June . 

458 

150 

224 

13, 326 

5-67 

5-09 

July . 

162 

54 

103 

6,334 

2-70 

2'34 

August . 

115 

21 

46 

2,829 

1  -20 

1  -04 

September . 

63 

5 

17 

1,012 

•43 

*39 

October . 

37 

10 

15 

'923 

•39 

•34 

96 
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Tennessee  Fork,  near  Leadville,  Colorado. 


[Drainage  area,  44  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Ter 

square 

mile. 

1890. 

Sec.-ft. 

Sec.-ft ■ 

Sec.-ft. 

Acre-feet. 

Inches. 

Sec.-ft. 

May  11  to  31 . 

315 

182 

239 

14, 699 

6-26 

5'43 

June . 

272 

82 

141 

8,387 

3-57 

3-30 

July . 

103 

42 

64 

3,936 

1  '67 

1-45 

August  . .  . 

51 

31 

38 

2,3)7 

1-00 

•86 

September . 

35 

31 

33 

1,962 

.84 

.77 

October 

37 

29 

33 

2,030 

.86 

.77 

Lake  Fork,  near  Leadville,  Colorado. 

[Drainage  area,  21  square  miles.] 


1890.  .. 

April  23  to  31 . 

112 

58 

75 

4,462 

3-98 

3-57 

May . 

528 

•  104 

324 

19, 926 

17  '79 

15  -30 

June . 

468 

137 

243 

14,458 

12-91 

11-60 

July . 

137 

42 

73 

4,490 

3'98 

3-48 

August . > . 

55 

28 

35 

2,152 

1,547 

192 

1-67 

September . 

31 

25 

26 

1-38 

1-24 

October . 

42 

19 

33 

2,030 

1’80 

1-62 

Twin  Lake  Creek,  below  Twin  Lakes,  Colorado. 

[Drainage  area,  102  square  miles.] 


1890. 

April  19  to  31 . 

27 

19 

24 

1,428 

•26 

•24 

May . 

632 

32 

252 

15,498 

2-85 

2-47 

June . 

606 

433 

552 

32,844 

6-04 

5-41 

July . 

536 

260 

365 

22,447 

4-13 

3-58 

August . 

260 

126 

176 

10,824 

1-99 

173 

September . 

108 

62 

77 

4,581 

•84 

•75 

October . 

62 

25 

40 

2,460 

•45 

•39 

Clear  Creek,  near  Granite,  Colorado. 

[Drainage  area,  72  square  miles.] 


1890. 

April  20  to  30 . 

20 

12 

17 

1,012 

•26 

•24 

May . 

420 

29 

187 

11,500 

3-00 

2-60 

June . 

435 

240 

356 

21,182 

5-52 

4-94 

July . 

330 

105 

238 

14,637 

3-81 

3'31 

August . 

270 

29 

98 

6,027 

1-57 

1  -36 

September . 

80 

16 

24 

1,429 

•37- 

■33 

October . 

30 

12 

16 

985 

•26 

•22 

Middle  Fork  Cottonwood,  near  Buena  Vista,  Colorado. 

[Drainage  area,  37  square  miles.] 


1890. 

April  16  to  30 . 

34 

12 

26 

1,547 

•79 

•70 

May . 

155 

34 

S3 

5, 105 

2-59 

2-24 

June . 

155 

81 

121 

7,200 

3'65 

3-27 

July . 

111 

40 

70 

4,305 

2-18 

1  '89 

August . 

47 

18 

25 

1,538 

•78 

•68 

IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 

South  Fork  Cottonwood,  near  Buena  Vista,  Colorado. 


[Drainage  area,  28  square  miles.] 


Discharge. 

Run-off. 

Month. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Total  for 
month. 

Depth. 

Per 

square 

mile. 

1890. 

April  16  to  30 . 

Sec.-ft. 

15 

135 

145 

112 

90 

Sec.-ft. 

Sec.-ft. 

10 

Acre-feet. 

595 

Inches. 

Sec.-ft. 

May . 

*40 

•36 

June . 

(1 

121 

98 

53 

4, 366 
7,200 
6, 027 
3,260 

2’93 

2'54 

July . 

August . 

63 

4 '83 
4'04 

4'32 

3 '50 

2 '19 

1  '89 

Arkansas,  at  Canyon  City,  Colorado. 

[Drainage  area,  3,060  square  miles.] 


January  . . 
February . 
March 

April . 

May . 

June . 

July . 

August  . . . 


1888. 

January  . 

February  . 

March  . 

April . 

May . 

1,570 

2,760 

1,870 

1,100 

1,280 

1,120 

850 

800 

June . 

July . 

August . 

September . 

October . 

- |  ™ 

November . 

December . 

1889. 

January  . 

February  . 

March . 

April  17  to  31 ... . 

438 
1,960 
2, 010 
1,150 
2,620 
258 
284  | 
335 
4:38  , 

214 

324 

1,002 

290 

243 

190 

190 

243 

274 

May . 

June . 

July . 

August . 

September. . . . 

October . 

November .... 

December  .... 

494 

446 

391 

980 

3,270 

3,260 

2,132 

1,425 


180 

250 

180 

200 

841 

2.068 

920 

580 


*400 

24,600 

•15 

i  ‘13 

*500 

27,750 

•17 

•16 

*600 

36,900 

•22 

•20 

*1,000 

59,500 

•36 

•33 

1,440 

88,560 

•54 

•47 

2,090 

124, 355 

•76 

1  '68 

1,350 

S3, 025 

•51 

•44 

932 

57, 318 

•35 

•30 

605 

35. 997 

22 

•20 

*500 

30, 750 

•19 

•16 

*500 

29,750 

•18 

•16 

*400 

24,600 

•15 

13 

*300 

18,450 

•11 

‘10 

*300 

16,620 

•10 

•10 

*300 

18, 450 

•11 

•10 

300 

17,850 

•11 

•10 

600 

36, 900 

•23 

•20 

1,374 

81,753 

‘50 

•45 

602 

37,023 

•23 

•20 

340 

20, 910 

•13 

•11 

220 

13,090 

■08 

•07 

223 

13, 715 

•08 

•07 

299 

17.790 

11 

■10 

335 

20,602 

•13 

'll 

310 

19, 065 

•12 

•lo 

363 

20,146 

•12 

•12 

320 

19,683 

•12 

■10 

477 

28,381 

•17 

•16 

2,090  | 

128, 5S5 

•79 

•68 

2,611  | 

155, 354 

•95 

•85 

1,571 

96,616 

•59 

•51 

670 

41,205 

•25 

•22 

*  Estimate. 


Arkansas,  at  Rock  Canyon,  Colorado. 

[Drainage  area,  4,560  square  miles.] 


1889. 

May . 

June . 

July . 

August . 

3,550 

4,375 

3,025 

3,700 

580 

1,130 

435 

405 

1,300 
2, 108 
766 
668 

79,950 
125,426 
47, 109 
41,082 

•33 

•52 

•19 

•17 

• 

•28 

•46 

•17 

•15 

11  GEOL.,  PT.  2  7 

97 


98 
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Arkansas,  at  Pueblo,  Colorado. 


[Drainage  area,  4,600  square  miles.] 


Discharge. 

Run  off. 

Month. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Total  for 
month. 

Depth. 

Per 

square 

mile. 

1885. 

May  16  to  31 . 

Sec.-ft. 

1,270 

Sec.-ft. 

910 

Sec.-ft. 

1,069 

3,187 

*400 

Acre-feet. 
65, 743 

Inches. 

•27 

Sec.-ft. 

•24 

4i  529 

1,650 

189,745 

•79 

•69 

1886. 

24,600 

•10 

•09 

*500 

27,750 

•12 

T1 

' 

*600 

36,900 

•15 

13 

*800 

47,600 

•19 

T8 

May . 

7,659 

1,255 

2,086 

1,279 

1,159 

3,046 

5,569 

1,724 

1,481 

1,372 

187, 329 

•78 

•66 

June . 

6,965 

3,082 

3,924 

1,935 

331,355 

1-35 

1-21 

July  . 

106, 026 

•44 

•38 

91,081 

•37 

•32 

1,195 

81,634 

•34 

•30 

*800 

49,200 

•20 

T8 

*600 

35, 700 

•15 

T3 

*400 

24,600 

•10 

•09 

1887. 

*400 

24,600 

•10 

09 

*400 

22,200 

•09 

•09 

*500 

30,750 

12 

T1 

*600 

35,700 

•15 

T3 

2,500 
3,477 
3, 352 
1,717 

153, 750 

•63 

‘54 

June . 

4,010 

6,510 

2,690 

1,350 

2,800 

206, 881 

•84 

•75 

July  . 

2,210 

1,290 

206, 143 

•84 

■73 

August . 

105, 595 

•44 

•37 

'990 

1,129 

67, 175 

•25 

•25 

*800 

49,200 

35,700 

24,600 

•20 

T8 

*600 

•15 

13 

*400 

TO 

•09 

1 

*  Estimate. 


Arkansas,  at  La  Junta,  Colorado. 


[Drainage  area,  12,200  square  miles.] 


1889. 

May  20  to  31 . 

1,960 

2,620 

2,290 

605 

1,089 

66,973 

TO 

•09 

825 

1,355 

80, 622 

T2 

T1 

July . 

345 

844 

51,906 

26,752 

•08 

•07 

1,630 

55 

435 

•04 

04 

Purgatoire  Creek,  at  Las  Animas,  Colorado. 

[Drainage  area,  3,040  square  miles.] 


1889. 

May  22  to  SI . 

55 

11 

22 

1,353 

•01 

•01 

170 

27 

70 

4,165 

•03 

02 

July . 

1,770 

8 

260 

15,990 

TO 

•09 

780 

6 

69 

4,243 

•03 

•02 

275 

6 

40 

2,380 

•01 

•  01 

Rio  Grande,  above  Del  Norte,  Colorado. 

[Drainage  area,  1,400  square  miles.] 


1889. 

October  11  to  31 . 

345 

214 

278 

17,097 

•23 

•20 

November . 

364 

290 

319 

18,980 

■25 

•23 

December . 

364 

200 

281 

17,281 

•23 

•20 

1890. 

January . 

1,000 

326 

552 

33, 948 

•45 

•39 

February  . 

896 

745 

796 

44, 178 

•59 

*57 

March . 

842 

404 

487 

29, 950 

•40 

•35 

April . 

1.380 

404 

913 

54, 323 

■73 

■05 

May . 

5,930 

1,990 

4,331 

266, 356 

3  57 

3-09 

June . 

5,555 

2, 550 

3, 807 

226,516 

3  '03 

2  72 

July . 

2,260 

862 

1,515 

93, 172 

1  25 

1  -08 

August . 

930 

450 

612 

37,638 

•50 

•44 
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Rio  Grande,  at  Embudo,  New  Mexico. 
[Drainage  area,  7,000  square  miles.] 


. 

Month. 

Discharge. 

Total  for 
month. 

|  Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1889. 

January  . 

February  . 

March . 

April . 

May . 

June . 

July . 

August . 

September . 

October . 

November . 

December  . 

1890. 

January  . 

February . 

March . 

April . 

May . 

June . 

July  . 

August .  . . 

Sec.-ft. 
495 
576 
1,042 
4,420 
5,075 
5, 660 
1,105 
253 
264 
324 
507 
610 

617 

670 

1,044 

3,220 

6,071 

5,740 

2,640 

1,134 

Sec.-ft. 

379 

420 

537 

970 

2,443 

1,390 

236 

181 

184 

243 

253 

364 

260 

344 

330 

842 

2,660 

2,768 

'920 

636 

Sec.-ft. 

431 

473 

784 

2,261 

3,430 

2,922 

471 

206 

212 

283 

366 

542 

437 

553 

682 

2,083 

4, 960 
4,107 
1,593 
814 

Acre-feet. 
26, 506 
26, 251 
48, 216 
134, 530 
210, 945 
173, 859 
28,966 
12, 669 
12,614 
17, 404 
21,777 
33, 333 

26, 875 
30, 691 
41,943 
123, 938 
305,040 
244, 366 
97,969 
50,061 

Inches. 

07 

•07 

•13 

•36 

•56 

•47 

•07 

03 

•03 

•05 

•06 

09 

•07 

•08 

•11 

•33 

•82 

•65 

■26 

•13 

Sec.-ft. 

06 

•07 

•11 

•32 

•49 

•42 

•07 

03 

03 

•04 

•05 

•08 

•07 

•08 

•10 

•30 

•71 

•59 

•23 

12 

Rio  Grande,  above  El  Paso,  Texas. 
[Drainage  area,  30,000  square  miles.] 


1889. 

May  10  to  31 . 

June . 

July . 

August . 

4,705 

4,460 

930 

0 

0 

0 

0 

252 

280 

458 

1,140 

4,108 

7,200 

7,200 

2,355 

2,497 

2,060 

660 

0 

3,116 
2,638 
237 
•  0 
0 

0 

0 

71 

196 

290 

424 

2,190 

5,771 

4,404 

854 

734 

191,634 
156, 961 
14,575 

120 

•098 

•009 

■104 

•090 

•007 

September . 

October . 

November . 

December . 

1890. 

January  . 

February . 

March . 

-  April . 

May . 

June . 

July . 

August . 

0 

126 
108 
45 
470 
3,495 
2, 925 
235 
170 

4,366 

12, 054 
16,095 
26,076 
130, 305 
354, 916 
262,038 
52, 521 
45,141 

•003 

•008 

•010 

•016 

•081 

•221 

•164 

•0.33 

•028 

•002 

■007 

•010 

•014 

•073 

•190 

•147 

•028 

•024 

San  Pedro,  at  Dudleyville,  Arizona. 
[Drainage  area,  2,819  square  miles.] 


1890. 

April  9  to  3) . 

21 

9 

5 

8a3 

369 

179 

800 

18,140 

•005 

002 

•005 

Slay . 

6 

June . 

ft 

i 

i 

102 

•002 

July . 

225 

507 

o 

•001 

•005 

•121 

•001 

August . 

"005 

405 

100 
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Gila,  at  Buttes,  Arizona. 


[Drainage  area,  13,750  square  miles.] 


Discharge. 

Run-off. 

Month. 

Maxi¬ 

mum. 

Mini¬ 
mum  . 

Mean. 

Total  for 
month. 

Depth. 

Per 

square 

mile. 

1889. 

Sec.-ft. 

Sec.-ft. 

Sec.-ft. 

Acre-feet. 

Inches. 

Sec.-ft. 

August  26  to  31 . 

124 

110 

115 

7,072 

•009 

•008 

September . 

210 

90 

128 

7,616 

■010 

•009 

October . 

210 

•  140 

157 

9, 655 

•013 

•014 

November . 

250 

156 

212 

12,614 

•017 

'015 

December . 

1890. 

890 

124 

' 

275 

16,912 

023 

*020 

January  . 

2,100 

310 

680 

41,820 

•057 

•049 

February  . 

1,514 

405 

578 

32, 079 

•044 

•042 

March .  .... 

710 

300 

387 

23, 805 

•032 

•028 

April . 

May . 

June  . 

333 

158 

238 

14,161 

•019 

•017 

150 

35 

87 

5, 350 

•007 

•006 

35 

27 

28 

1,066 

•002 

•002 

July . 

3,112 

11 

130 

7, 995 

•on 

•009 

August . 

6, 330 

1,115 

3,137 

192,925 

•262 

•228 

Verde,  near  Fort  McDowell,  Arizona. 

[Drainage  area,  6,000  square  miles.] 


1889. 

•03 

August  14  to  31 . 

480 

154 

207 

12,730 

•04 

September . 

340 

140 

192 

11,424 

•03 

•03 

Salt,  at  Arizona  Dam,  Arizona. 

[Drainage  area,  12,260  square  miles.] 


1888. 

350 

350 

21,525 

20,825 

•03 

03 

•03 

•03 

October . 

350 

300 

331 

20, 356 

•03 

•03 

November . 

5,760 

425 

842 

50, 099 

•08 

•07 

December . 

43, 489 

1,665 

6,698 

411,927 

•63 

*55 

1889. 

•56 

•48 

January . 

24, 593 

1,665 

5, 947 

365,740 

February . 

3,940 

1,534 

2,605 

144.577 

■22 

•22 

March . 

33, 794 

3,563 

8, 7'45 

537,817 

•82 

•71 

April .  . 

5, 559 

2,496 

3, 975 

236,512 

•36 

•32 

May . 

1,784 

622 

1,039 

63, 898 

•10 

•08 

June . 

615 

356 

470 

27, 965 

•04 

■04 

July . 

1,311 

334 

495 

30, 522 

•05 

•04 

August . 

755 

381 

417 

25, 645 

•04 

•03 

September . 

1,172 

389 

521 

31,000 

•05 

04 

October . 

704 

319 

440 

27,060 

•04 

•04 

November . 

629 

532 

576 

34,272 

*05 

*05 

December . 

25, 371 

557 

5,686 

349, 689 

•53 

•46 

1890. 

January  . 

15,750 

1,376 

4,982 

306, 393 

■47 

•40 

February  . 

143, 288 

1,045 

10,097 

560, 383 

•86 

•82 

March . 

17, 228 

2, 566 

6,421 

394, 891 

•60 

‘52 

April . 

2, 077 

1.369 

1.840 

109,480 

•17 

•15 

May . 

1,369 

630 

914 

56,211 

•09 

•08 

Salt,  50  miles  above  Phoenix,  Arizona. 

[Drainage  area,  5,880  square  miles.] 


1890. 

May  28  to  31 . 

520 

520 

520 

31,980 

•10 

•09 

June . 

520 

193 

298 

17,731 

•06 

•05 

July . 

375 

185 

215 

13, 222 

•04 

•04 

August . 

2,200 

600 

1,362 

83, 763 

. 

*27 

•23 
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Prosser  Creek,  near  Boca,  California. 

[Drainage  area,  56  square  miles.] 


Discharge. 

Run-off. 

Month. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Total  for 
month. 

‘ 

Depth. 

Per 

square 

mile. 

1889. 

April . 

Sec.-ft. 

Sec.-ft. 

Sec.-ft. 

- : - — 

Acre-feet. 
5, 950 
15,900 

Inches. 

Sec.-ft. 

May . 

2  00 
5*34 

1  79 

June . 

1 10 

4  62 

July . . 

2  '20 

1  ’96 

August . 

1 ,  U5U 

35 

‘31 

September . 

. 

loo 

'06 

•04 

6-76 
16-34 
11  '67 
7'86 
210 

00 

1890. 

April . 

TZo 

20,230 

50,245 

34,510 

23,493 

6,273 

‘04 

May  19  to  31 . 

June . 

1,230 

615 

817 

6 ’07 
14-45 

July  . 

August . 

865 

120 

120 

75 

382 

102 

10 ’40 

6  -82 
1-82 

♦Estimated. 


Little  Truckee  and  Flume,  near  Boca,  California. 

[Drainage  area,  179  square  miles.] 


1890. 

April  2  to  30. . . 

May . 

June . 

July  . 

August . 

September. . . . 
October . 


2,646 

276 

958 

2,867 

1,000 

1,998 

1,840 

1,005 

1,491 

1.330 

295 

749 

390 

110 

200 

150 

87 

97 

108 

70 

86 

57,066 

5-90 

5'86 

122, 914 

12-85 

11  15 

89, 438 

9-36 

8-33 

45, 975 

4-81 

448 

12,300 

1  -28 

1-12 

5, 771 

•60 

•54 

5,289 

•55 

•48 

Truckee,  near  Boca,  California. 

[Drainage  area,  902  square  miles.] 


1890. 

March  24  to  31 

April . 

May  2  to  31  ... 

June _  . 

July . 

August  . 

September  . . . 
October . 


755 
5,716 
7,172 
5,092 
2,596  | 
930 
580 
660 


545 

580 

2,908 

2,596 

930 

510 

495 

490 


637 

39, 175 

•81 

2,751 

163,684 

3-40 

5,275 

324,412 

6-74 

4,291 

255,314 

5-30 

1,870 

115,005 

-  2  39 

736 

45, 264 

•94 

513 

30, 523 

•63 

555 

34, 132 

•71 

•71 
3  05 
5-85 
4-76 
2-07 
•82 
■57 
•62 


.  Truckee,  near  Essex,  Nevada. 


[Drainage  area,  991  square  miles.] 


1889. 

May . 

*9  31 A 

2-15 

•78 

•28 

•20 

•20 

June . 

771 

Z  4o 

July . 

o< 

August . 

*200 

32 

September  .  . 

*9f>n 

J<wj  oUU 

fiij 

zz 

*  Estimate. 


Truckee,  near  Laughtons,  Nevada. 

[Drainage  area,  1,054  square  miles.] 


1890. 

May  13  to  31  . 

June . 

July . 

August . 

September. . 


6,310 

3,840 

5, 277 

4, 685 

2, 800 

3, 690 

3,580 

1,205 

2,226 

1,060 

380 

604 

400 

320 

368 

324,535 

5  77 

5  02 

219, 555 

3-91 

3  -51 

136, 899 

2-44 

2. 12 

37. 146 

‘66 

•58 

21,896 

•39 

•35 
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Truckee,  near  Vista,  Nevada. 
[Drainage  area,  1,519  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1890. 

April  26  to  30 . 

May . 

June . 

July . 

August . 

Sec.-ft. 

5, 610 
7,510 
6,710 
3,730 
1,152 

Sec.-ft. 

3,730 

3,200 

3,115 

1,185 

750 

Sec.-ft. 

4,496 

5,990 

4,162 

2,198 

952 

Acre-feet. 
267. 512 
368,385 
247, 639 
135, 177 
58,548 

Inches. 

3-30 

4'55 

3  06 

1  '67 
■72 

Sec.-ft. 

2'96 

3'94 

2  74 

1  "45 
•63 

East  Carson,  near  Rodenbah,  Nevada. 


[Drainage  area,  414  square  miles.] 


1890. 

2. 48 

April  7  to  30 . 

1,565 

752 

1,026 

61,047 

2'76 

May  4  to  31 . 

4,260 

1,315 

2,654 

163,221 

7'38 

6  '41 

June  . . 

3, 900 

1, 745 

2, 430 

144.585 

6  '55 

5-87 

July . 

2, 780 

750 

1,789 

110,024 

4-98 

4-32 

August . '. . 

875 

437 

597 

36,715 

1  ’66 

1  '44 

West  Carson,  at  Woodfords,  California. 


[Drainage  area,  70  square  miles.] 


1890. 

1 

April  9  to  30 . 

448 

145 

284 

16,898 

4-56 

4-06 

May . 

924 

318 

657 

40,405 

10-83 

9-40 

June . 

1,284 

448 

614 

36,533 

9-79 

8  ’77 

July . 

606 

252 

380 

23,370 

6-27 

5'43 

August . 

240 

90 

135 

8,302  ' 

2-23 

1  -93  I 

Main  Carson  and  Flume  near  Empire,  Nevada. 

[Drainage  area,  894  square  miles.] 


1890. 

April  16  to  30 . 

2, 307 

1,3:37 

1,565 

93,117 

1  -95 

1-75 

May . . 

6,278 

1,751 

3,475 

213,712 

4-48 

3-89 

June . 

4,276 

2,311 

3, 143 

187, 008 

3-92 

3-52 

July . 

3,115 

1,491 

2,159 

132, 550 

2  79 

2’41 

August . 

1,421 

215 

756 

46,494 

•98 

•85 

September . 

215 

131 

144 

8,570 

.18 

.16 

Bear  River,  at  Battle  Creek,  Idaho. 


[Drainage  area,  4,500  square  miles.] 


1889. 

October  11  to  31  ..." .  . 

430 

300 

355 

21,832 

•09 

•07 

November . 

830 

430 

487 

28, 976 

•  -12 

•11 

December . 

4  So 

350 

565 

34,747 

•14 

13 

1890. 

January . 

1,255 

270 

875 

53, 812 

•22 

•19 

February . 

2,040 

600 

809 

44,900 

•18 

•18 

March . 

2,040 

780 

1.271 

78, 166 

•32 

•28 

April . 

3,960 

2, 170 

2, 9”8 

177,191 

•74 

•66 

May . 

5, 980 

3,960 

5,199 

319,738 

1  '33 

1  -60 

June  . 

5,980 

2, 300 

4,074 

242,403 

1  -oi 

■91 

July . 

2,170 

1,200 

1,582 

97, 293 

40 

•35 

August . 

1,200 

880 

1,000 

61,500 

■26 

•22 
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Bear  River,  near  Collinston,  Utah. 

[Drainage  area,  6,000  square  miles.] 


Month. 


1889. 

June . 

July . 

August . 

September  . . . 

October . 

November . . . 
December  .... 

1890. 

January  . 

February .  .  . 
March  2  to  31 . 

April . 

May . 

June . 

July . 

August . 


Discharge. 


Maxi¬ 

mum. 


385 

450 

610 

825 

1,000 

1,925 


4,860 
6, 680 
8,220 
7, 940 
4.230 
2,060 


Mini¬ 

mum. 


Sec.-ft.  Sec.-ft. 


340 

385 

450 

610 

780 

955 


1,100 
3, 6a) 
6,890 
4,440 
2,060 
1, 545 


Mean. 


Sec.-ft. 

*800 

362 

417 

509 

728 

848 

1,395 

*1,500  + 
*1,000  + 
3,188 
4,953 
7,924 
6,214 
3,250 
1,754 


Total  for 
month. 


Run  off 
Depth. 


Acre- feet. 
47,600 
22, 263 
25,645 
30,285 
44.772 
50,456 
85, 792 

92,250 
55,500 
196,062 
294.703 
487, 326 
370, 923 
199,875 
107, 871 


Inches. 

■15 

•07 

•08 

•09 

•14 

•16 

•27 

•29 
■17 
•61 
•92 
1-52 
1  '16 
•62 
•34 


Per 


square 

mile. 


Sec.-ft. 

•13 

•06 

•07 

■08 

■12 

14 

•23 

•25 

•17 

’53 

•83 

1-32 

1-04 

'54 

•29 


*  Estimate. 


Ogclen  River,  at  Powder  Mills,  Utah. 


[Drainage  area,  360  square  miles.] 


1889. 

August  9  to  31 . 

60 

40 

50 

3, 075 

46 

*14 

September . 

70 

50 

52 

3,094 

•16 

*14 

October  . 

145 

70 

89 

5,473 

'28 

*24 

November . 

253 

60 

105 

6i  247 

•33 

*20 

December . 

735 

145 

421 

25, 891 

1  -35 

1  *17 

1890. 

January  . 

510 

289 

382 

23,493 

1  22 

1  '06 

February .  ... 

1 . 364 

399 

680 

37,740 

1‘97 

1  *89 

March . 

1,401 

1,919 

362 

978 

60, 147 

3  43 

2  72 

April . 

1,068 

1,449 

80, 215 

4‘49 

4 ’02 

May . 

2,178 

1,475 

1,818 

111,807 

5’82 

5  "05 

June . 

1,438 

624 

910 

54, 145 

2'82 

2 '53 

July . 

624 

326 

458 

28, 167 

1  ’47 

1  *27 

August . 

473 

215 

312 

19, 188 

1  -oo 

•86 

Weber,  at  Devil  Gate,  Utah 


[Drainage  area,  1.600  square  miles.] 


1889. 

October  13  to  31 . 

290 

130 

181 

.  11,131 

43 

*11 

November . 

290 

160 

208 

12, 376 

44 

*12 

December . 

815 

200 

430 

•26, 445 

•31 

•27 

1890. 

January  . 

815 

290 

457 

28. 105 

■33 

*29 

February  . 

1,400 

200 

547 

30, 358 

•36 

*34 

March  . 

2,130 

200 

1,091 

67, 096 

•79 

'68 

April . 

4,280 

970 

2, 184 

129, 948 

1  '52 

1  ’36 

May . 

5,465 

3,470 

4,528 

278,472 

3’26 

2'83 

June . 

3,635 

1,220 

2,017 

120,011 

1  '41 

1  '27 

July . 

1,220 

2"0 

549 

33, 763 

•40 

•34 

August . 

450 

200 

280 

17,220 

•20 

*18 

September  . 

1 

1 
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American  Fork ,  at  Bridge  in  Canyon ,  Utah. 


[Drainage  area,  6*3  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1889. 

Sec. -ft. 

Sec.-ft. 

Sec.-ft. 

Acre-feet. 

Inches. 

Sec.-ft. 

August . . . 

66 

10 

38 

2,337 

•66 

•58 

September  . 

48 

20 

30 

1,785 

•51 

•45 

October . 

66 

6 

33 

2,029 

•58 

•50 

November . 

30 

30 

30 

1,785 

•51 

•45 

December . 

108 

30 

67 

4,120 

1-17 

1  -02 

1890. 

January  . 

276 

30 

62 

3,813 

1-08 

•94 

February  . 

108 

48 

72 

3, 996 

1-13 

1  -09 

March  1  to  39 . 

192 

66 

117 

7,195 

2-04 

177 

April . 

380 

22, 610 

6  43 

5-76 

May .  . 

885 

666 

40,990 

11-62 

lOJl 

June . 

208 

12; 360 

3-51 

3-16 

July . 

45 

2;  765 

•78 

•68 

Provo  River,  near  Provo,  Utah. 

[Drainage  area,  640  square  miles.] 


1889. 

July  27  to  31 . . 

150 

•  149 

150 

9,225 

8,917 

8,925 

11,070 

1 1,328 
23,616 

18,751 
20, 923 
31,918 
49,980 
118,450 
70,448 
19,311 
15,498 

•27 

•23 

August . 

149 

144 

145 

•26 

•23 

September . 

174 

144 

150 

•26 

•23 

October . 

200 

174 

180 

•32 

•28 

November . 

280 

200 

234 

•39 

•35 

December  . 

630 

240 

384 

•69 

•60 

1890. 

January  . 

700 

200 

305 

•55 

•48 

February . 

564 

280 

377 

•61 

•59 

700 

240 

519 

•93 

•81 

April . 

1,240 

2,180 

2,260 

500 

840 

1-46 

1-32 

May  . 

1,316 

440 

1,926 

3-47 

3-01 

June  . 

1,184 

314 

2-06 

1-85 

July . 

'440 

280 

•56 

•49 

August . 

280 

240 

252 

•45 

•39 

Spanish  Fork,  near  Spanish  Fork,  Utah 


[Drainage  area,  670  square  miles.] 


1889 

September  . 

70 

45 

50 

2,975 

•08 

•07 

October . 

70 

50 

62 

3,813 

•11 

•09 

November . 

70 

45 

53 

3,153 

■09 

•08 

December . 

70 

50 

67 

4,120 

•12 

TO 

1890. 

January  . 

230 

50 

68 

4, 182 

•12 

TO 

February  . 

95 

50 

76 

4,218 

•12 

T1 

March . 

355 

50 

143 

8,794 

•25 

•21 

April . 

770 

150 

387 

23,026 

•64 

•58 

May . 

1.040 

355 

777 

47,785 

1-34 

1T5 

June . 

355 

110 

205 

12, 197 

•34 

•31 

July . 

590 

82 

114 

7,011 

•20 

17 

August . 

82 

50 

64 

3,837 

•11 

TO 
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Sevier,  near  Leamington,  Utah. 
[Drainage  area,  5,595  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

1 

Mini¬ 

mum. 

1 

Mean. 

Depth. 

Per 

square 

mile. 

1889. 

August  23  to  31  . . 

September . 

October . 

November . 

December . 

1890. 

January . 

February  . 

March . *  ... 

April . 

May  . 

June . 

July . 

August . 

. 

Sec.-ft. 

60 

80 

160 

444 

526 

1,058 

1,140 

690 

976 

2,329 

2,206 

649 

185 

Sec.-ft. 

40 

48 

48 

210 

280 

280 

567 

567 

608 

976 

649 

185 

150 

Sec.-ft. 

48 

53 

111 

274 

395 

625 

713 

630 

726 

1,705 

1,250 

346 

153 

Acre- feet. 
2, 952 
3, 153 
6,826 
16, 303 
24, 292 

38. 437 
39, 571 
38,745 
43,197 
104,857 
74,375 
21,279 
9,409 

Inches. 

01 

•01 

■02 

•05 

■08 

•13 

•13 

13 

•14 

•35 

•25 

•07 

•03 

Sec.-ft. 

•008 

•009 

•019 

•049 

•070 

•112 

•128 

•112 

•130 

•306 

■224 

062 

•027 

North  Fork  of  Snake,  at  Ferry,  Idaho. 

[Drainage  area,  931  square  miles.] 


1890. 

April  6  to  30 . 

4,920 

1,120 

1,875 

111,562 

2'25 

2’01 

May . 

7,710 

2,750 

4,580 

281, 670 

5-67 

4'92 

June  . 

2, 890 

1,860 

2,270 

135;  065 

2  72 

2-44 

July . 

1,860 

1,450 

1,550 

95,325 

1-92 

1-66 

August . 

1,450 

1,450 

1,450 

89;  175 

1-80 

1  56 

Fall  River,  in  Canyon,  Idaho. 


[Drainage  area,  594  square  miles.] 


1890. 

April  25  to  30 . 

2,480 

1,250 

1,730 

102, 935 

3  '25 

2-92 

May . 

4,440 

2, 630 

3,312 

205, 533 

6-49 

5'63 

June . 

4,050 

2,030 

2,706 

161,007 

5'08 

4-56 

July . 

2, 630 

1 , 030 

1,669 

102, 643 

3-20 

2-81 

August . 

1,140 

840 

971 

59; 717 

1-82 

1-63 

Teton  River,  at  Chases  Ranch,  Idaho. 


[Drainage  area,  967  square  miles.] 


1890. 

April  5  to  30 . 

1,295 

545 

740 

44,030 

'85 

.77 

May . 

4, 445 

1,545 

2,730 

167, 895 

3-26 

2'82 

June . 

4.065 

1.925 

2, 812 

167,314 

3-26 

2’91 

July . 

2, 950 

935 

2, 130 

130, 995 

2-54 

2-20 

August . 

935 

510 

678 

41 ;  697 

•81 

•70 
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Snake  River,  at  Eagle  Rock,  Idaho. 


[Drainage  area,  10,100  square  miles.] 


Month. 

Discharge. 

Total  for 
month. 

Run-off. 

Maxi¬ 

mum. 

Mini¬ 

mum. 

Mean. 

Depth. 

Per 

square 

mile. 

1889. 

Sec.-ft. 

Sec.-ft. 

Sec.-Jt. 

Acre-feet. 

Inches. 

Sec.-ft. 

July . 

8.646 

3, 174 

5, 184 

318,816 

■59 

•51 

August . 

3, 130 

2,286 

2,596 

159,654 

•30 

•26 

September . 

2,508 

2,286 

2,300 

136,850 

•25 

'23 

October . 

2,730 

2, 286 

2,425 

149, 137 

•28 

•24 

November . 

2, 952 

2, 508 

2,737 

162,851 

•30 

•27 

December . 

2,730 

2, 508 

2, 601 

159, 961 

•30 

■26 

1890. 

January  . 

*2, 000 

123, 000 

•23 

■20 

February . 

*2, 000 

111,000 

•21 

•20 

March . 

*2,000 

123,000 

•23 

•20 

April . 

15,000 

2,900 

5, 702 

339,269 

•63 

•57 

May . 

49, 350 

16,900 

35, 606 

2,189,769 

4-06 

3'52 

June . 

50, 450 

24,930 

34,870 

2,074,765 

3  ’85 

3  "45 

.July . 

28,800 

10, 700 

19,970 

1,228,155 

2-28 

1-98 

August . 

10, 350 

6,250 

7,875 

484,312 

•90 

•79 

^Estimate. 


Wood  River,  at  Hailey,  Idaho. 


[Drainage  area,  906  square  miles.] 


1889. 

July . 

238 

119 

163 

10,024 

•21 

■18 

August . 

126 

113 

123 

7,564 

T6 

T3 

Septembei . 

126 

113 

123 

7,318 

■16 

T3 

October . 

153 

126 

138 

8,487 

•18 

T5 

November . 

153 

126 

145 

8,627 

T8 

T6 

December . 

153 

126 

138 

8,487 

•18 

T5 

Owyhee  River,  at  Riggsby,  Oregon. 

[Drainage  area,  9,875  square  miles.] 


1890. 

March  26  to  31 . 

7,350 

5,190 

6, 140 

377, 610 

•72 

•62 

April . 

8, 225 

5,395 

6,558 

390,201 

*74 

•66 

May . 

1 1 , 230 

3,010 

5, 913 

363, 649 

•69 

•60 

June . 

2,850 

620 

1,403 

83,478 

T6 

•14 

July . 

560 

200 

343 

21,094 

•04 

•03 

August . 

200 

170 

179 

11,108 

•02 

•oi  • 

Malheur  River,  at  Vale,  Oregon. 

[Drainage  area,  9,900  square  miles.] 


1890. 

March  20  to  31 . 

4,445 

1,840 

2,912 

179,088 

•34 

•29 

April . 

3,450 

2,180 

2,770 

164,815 

•31 

•28 

May . 

2,890 

590 

1,627 

100, 060 

■19 

•16 

June  . 

520 

120 

254 

15,113 

•03 

•02 

July . 

90 

25 

43 

2,644 

•005 

■004 

August . 

25 

15 

17 

1,011 

•002 

•002 

Weiser  River,  in  Canyon,  Idaho. 

[Drainage  area,  1,670  square  mi'es.] 


1890. 

March  13  to  31 . 

11,220 

1,550 

5, 773 

355, 039 

3'99 

3  '45 

April . 

7, 060 

2, 470 

4,792 

285,124 

3-20 

2-87 

May . 

7,060 

2, 610 

4,882 

300, 243 

3-37 

2 '92 

June . 

2,470 

1,280 

1,792 

106, 624 

1  -20 

107 

July . 

1,130 

220 

590 

36, 2-7> 

•41 

•35 

August . 

190 

100 

138 

8,487 

•09 

•08 
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Gauging s  at  temporary  stations. 

YELLOWSTONE  BASIN. 


Date. 

Stream. 

Locality  of  gauging. 

Dis¬ 

charge. 

Drainage 

area. 

Run  off 
per 

square 

mile. 

1889. 
Aug.  24 
Sept.  5 
Oct,  3 
1875. 
Aug.  25 
1886. 
Sept.  1 
Sept.  7 
1889. 
Oct.  9 

Yellowstone . 

Springdale,  Montana  . 

Sec. -ft. 
2,111 
1,931 
1,581 

1,200 

1,525 

1,016 

583 

Sq.  miles. 
4,800 
4,800 
4,800 

1,100 

1,100 

1,100 

1,100 

Sec.-ft. 

•44 

•40 

•33 

1  '09 

1'38 

■92 

•53 

. .  .do . 

_ do . 

....  do . 

Yellowstone  Lake  .... 

—  do . 

—  do . 

. . . do  . 

...do . 

MISSOURI  BASIN. 


1889. 
Aug.  7 
Aug.  17 
Oct.  14 

Teton . 

Choteau 

Madison . 

Blacks . 

_ do . 

Three  Forks 

Aug.  19 
Oct.  15 

Jefferson . 

Willow  Creek 

_ do . 

Three  Forks . 

Aug.  3 
Aug.  3 
Aug.  3 

Shields . 

Flathead  Creek 

Pine  Creek . 

Shields  Creek 

Brackett  Creek . 

. .  do . 

Aug.  3 
Aug.  3 

Rock  Creek . 

Shields  River . 

Below  Rock  Creek .... 

Aug.  17 

North  Musselshell  .... 

Martindale. . .  ... 

Aug.  17 
Aug.  17 

South  Musselshell  .... 

....  do . 

Big  Elk  Creek  . 

Big  Elk . 

Aug.  17 
Aug.  17 
Aug.  17 
Aug.  17 
Sept.  4 
Sept.  4 

Lebo  Creek . 

Big  Timber  road  . 

American  Fork . 

Sweet  Creek . 

. .  .do  . . 

Big  Timber  Creek  .... 

_ do  . . 

Ruby  Creek . 

Laurin . . . 

Blacktail  Deer  Creek  . 

Rondexter . 

Sept.  6 

Red  Rock  Creek . 

Allerdice . 

Sept.  9 
Sept.  8 
Oct.  6 

Beaverhead . 

Dillon . 

Big  Hole . 

Melrose . . . 

Tongue . 

Miles  City . 

Aug.  9 

Dearborn  . 

Dearborn . 

1890. 
Apr.  15 

_ do . 

26 

900 

•03 

1,104 

2,085 

•  -53 

1,191 

2,  .285 

•52 

202 

2,280 

•89 

333 

9,400 

•03 

25 

225 

•11 

10 

42 

•24 

10 

66 

•15 

15 

50 

•30 

65 

670 

•97 

15 

250 

•06 

10 

290 

•03 

10 

100 

•10 

8 

10 

•80 

3 

55 

*05 

35 

100 

•35 

40 

63 

■63 

90 

710 

•13 

10 

300 

03 

10 

860 

•01 

75 

4,000 

•02 

60 

2,335 

•03 

200 

3, 875 

•05 

47 

350 

•13 

37 

350 

•11 

RIO  GRANDE  BASIN. 


1889. 

1 

Feb.  12 

Embudo  Creek . 

At  mouth . 

20 

285 

•07 

Feb.  23 

Rio  de  Taos . 

Near  Taos  Pueblo _ 

16 

Feb.  25 

_ do  . 

52 

452 

12 

Feb.  26 

Rio  Hondo . 

Frasier’s  Mill . 

10 

Feb.  27 

Pueblo  Creek . 

Near  Taos. . . 

12 

49 

•24 

Feb.  27 

Taos  Creek . 

In  Canyon . 

3 

Mar.  1 

Red  River . 

Near  town  of  Red 

23 

153 

•15 

River. 

Feb.  14 

Ojo  Caliente . 

N  ear  the  Chama  River. 

28 

■  919 

•04 

Mar.  7 

_ do . 

50 

919 

Mar.  9 

Rio  Chama . 

Near  Abiquiu 

045 

2,300 

•41 

Mar.  11 

Santa  Cruz _ : . 

Near  Espanola . 

ii 

Apr.  20 

_ do . 

Near  Santa  Cruz . 

83 

90 

•92 

Mar.  11 

Pojuaque  . 

Below  junct.  Tesuque, 

11 

160 

•07 

Apr.  18 

_ do . 

50 

65 

‘77 

Mar.  15 

Jemez  River . 

85 

900 

•09 

Mar.  17 

Santa  Clara . 

Near  Espanola . 

6 

Apr.  17 

_ do . 

11 

Apr.  19 

Tesuque . 

Near  Santa  Fe . 

23 

95 

24 

Apr.  13 

Rio  Grande . 

Below  Embudo 

2  024 

7  000 

•9Q 

Mar.  1 

—  do . 

San  Ildefonso. 

'  570 

1 1  250 

*06 

Mar.  2 

—  do . 

727 

11,250 

•06 

Aug.  8 

—  do . 

San  Marcial . 

19 

Mar.  15 

Jemez . 

85 

900 

*09 

May  25 

—  do . 

83 

Q00 

*09 

July  3 

....do . 

30 

900 

•na 

July  6 

29 

900 

•oq 

Aug.  25 

- do . 

. .  .do  . . 

22 

qnn 

*03 

Oct.  1 

....do . 

Below  Cany  ones . 

20 

900 

•02  j 

107 


108 
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Gciugings  at  temporary  stations — Continued. 

GILA  BASIN. 


Date. 

Stream. 

Locality  of  gauging. 

Dis¬ 

charge. 

Drainage 

area. 

Run  off 
per 
square 
mile. 

1889. 
June  26 
July  11 
July  20 
Aug.  14 
Aug.  15 
Aug.  29 
Aug.  29 
Sept.  15 
Sept.  23 
Sept.  25 
Sept.  27 
Sept.  29 

Verde  . 

Above  junction  Salt. . 
....do . 

Sec. -ft. 
127 

234 

436 

187 

162 

177 

156 

198 

235 

214 

217 

237 

Sq.  miles. 
6, 000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 
6,000 

Sec.-ft. 

•02 

•04 

•07 

•03 

•03 

•03 

•03 

•03 

•04 

•04 

04 

•04 

...  .do . 

....  do . 

....  do . 

...  .do . 

...  .do . 

...  .do . 

...  .do . 

....  do . 

...  .do . 

...  .do . 

....  do  . . 

...  .do . 

....  do . 

...  .do . 

. .  do  . . . 

...  do . . 

. . .  do  . . . 

....  do . 

..do  . 

....  do . 

...do . 

TRUCKEE  BASIN. 


1889. 

r 

July 

4 

Truekee  . 

At  Tahoe  City . 

136 

522 

*26 

Aug. 

8 

...  .do  . . 

. .  do  . 

75 

522 

*14 

Aug. 

14 

....  do . 

....  do  . 

56 

522 

*11 

Aug. 

18 

...  .do . 

....  do  . . 

49 

522 

*09 

June 

3 

Squaw  Creek . 

92 

8 

11  *60 

June 

22 

. .  .".do .  . 

15 

8 

1-88 

June 

3 

Toll  Gate  Creek . 

74 

July 

3 

Donuer  Creek . 

Below  Donner  Lake . . 

8 

16 

•50 

July 

6 

...  .do . 

. . . .do  . . 

5 

16 

*31 

July 

11 

....  do . 

2 

16 

‘12 

July 

16 

....  do . 

....  do . 

1 

16 

06 

Aug. 

....  do . 

. .  do  . . 

*9 

16 

56 

Aug. 

10 

...  .do . 

.  .  .do . 

*2 

16 

*12 

Aug. 

17 

. .  .do . 

....  do . 

•3 

16 

*19 

June 

28 

Cold  Creek  . 

Near  Donner  Lake _ 

11 

14 

•7J 

July 

3 

...  do . 

. . .  .do . 

10 

14 

July 

6 

_ do . 

....  do . 

5 

14 

"35 

July 

11 

....  do . 

....  do . 

1 

14 

*07 

Aug. 

r* 

_ do . 

....  do  . . 

1 

14 

*07 

Aug. 

10 

...  .do . 

....  do . 

1 

14 

*07 

Aug. 

17 

....  do . 

....  do . 

•7 

14 

*05 

May 

24 

Prosser  Creek . 

312 

56 

5*57 

June 

21 

_ do . 

65 

56 

1  *16 

July 

5 

_ do . 

19 

56 

*34 

July 

15 

_ do . 

16 

56 

*29 

Aug. 

17 

...  do . 

1 

56 

*02 

June 

27 

Little  Truekee . 

Near  Boca . 

54 

179 

*30 

July 

2 

....  do . 

....  do . 

48 

179 

*27 

July 

10 

...  do . 

....  do . 

21 

179 

*12 

Aug. 

5 

_ do . 

. . . . do  . . . 

24 

179 

*13 

Aug. 

13 

....  do . 

...  .do  .  . . 

20 

179 

*11 

June 

1 

Martis  Creek . 

19 

45 

■42 

June 

22 

_ do . 

7 

45 

*15 

May 

30 

Juniper  Creek . 

Near  Clinton . 

22 

10 

2-20 

May 

31 

Joe  Grey  Creek . 

Near  Cuba . 

88 

17 

5T8 

June 

21 

....  do . 

...  .do . 

16 

17 

*94 

I  May 

31 

Bronco  Creek . 

Near  Bronco . 

42 

19 

2*21 

May 

22 

Dog  Creek . 

Near  Verde . . 

7 

22 

*31 

!  May 

20 

Truekee  . 

Near  Essex  . 

2  ,330 

9<11 

2-35 

May 

22 

...  do  . 

....  do  .... 

2  510 

991 

2  *53 

May 

29 

...  .do . 

. . .  .do . 

T  716 

991 

1  *73 

June 

1 

20 

—  do . 

'350 

991 

•35 
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Gaugings  at  temporary  stations— Continued. 


CARSON  BASIN. 


Date. 

Stream. 

Locality  of  gauging. 

Dis¬ 

charge 

jDrainage 
|  area. 

Run  off 
per 
square 
mile. 

1889. 
June  10 

|  Carson . 

Near  Corrells . 

„  1 

Sec.-ft.  Sa.  miles. 

527  ! 

Sec.-ft. 

June  10 

West  Carson . 

72 

ro 

1.03 

18.  0. 
May  13 

Colin  Klouber  ditch. . . 

3-3 

May  13 

j  Mountain  stream . 

2-0 

May  15 

Ditch . 

Between  Sheridan 

3’4 

May  16 

—  do . 

and  Fredericksburg. 
Grist  mill,  2  miles 

6  2 

May  20 

—  do . 

south  of  Genoa. 
Frank  Deludre’s . 

8*6 

May  20 

—  do . 

Ormsby  County  Poor 
Farm. 

Ormsby  County . 

1-4 

40 

May  20 

Clear  Creek . 

May  28 

—  do . 

48 

1’3 

May  22 

Ditch . 

Boyd’s  Bridge, second 

May  22 

Upper  ditch  . 

east, 

Daugberg’s . 

24  5 

May  22 

Ditcli . 

Fred  Dressier 's . 

2 ’6 

May  22 
May  22 

—  do . 

Dressier  &  Berry . 

1  ’3 

West  Carson  ditch  . . . 

36  ‘4 

May  22 

Ditch . 

Springmeyer  &  Daug- 
berg’s. 

3  5 

May  22 

Jocks  Valley  Creek. . . 

12’8 

Apr.  26 

Rodenbahl’s  ditch .... 

5*4 

Apr.  26 

Heitman's  ditch . 

5’9 

Apr.  26 
May  12 

Long  Valley  Creek  . . . 

2  miles  above  mouth. . 

22-0 

- do . 

9-4 
12 ’0 

May  4 

—  do . 

Daugberg’s  &  Bart 

4’0 

May  12 

lett's  ditch. 

—  do  . . 

10-6 

6’9 

May  5 

Cottonwood  Slough . . 

May  5 

12-Mile  House  ditch. . . 

•6 

May  10 

West  Carson  ditch. . . 

3-0 

May  15 

—  do . 

4*4 

May  12 

John  Scossa  ditch  .... 

1  -0 

May  12 

Milich  ditch . 

*6 

May  12 

Springmeyer  Long 

6  4 

May  13 

Valley  ditch. 
Company  ditch . 

23  7 

May  13 

Hussmahn  ditch . .  . . 

4  7 

May  13 

Ezell  ditch . 

8 '3 

Springmeyer  Reser- 

7-1 

voir  ditch. 

' 

SALT  LAKE  BASIN. 


1889. 
July  25 
July  25 
Aug.  1 

Aug.  2 
Aug.  5 
Aug.  31 
Oct.  30 
Nov.  25 
Aug.  14 
Aug.  17 
Aug.  24 
June  6 
June  6 
June  10 

Lehi  Canal . 

1  milebelowhead  gate . 

Near  head  gate . 

Near  head  gate,  first 
division. 

Near  Powell’s  Mill 
First'bridgfe  in  canyon . 

10 

7 

7 

4 

11 

15 

17 

22 

126 

128 

106 

201 

41 

721 

Pleasant  Grove  Canal . 
Dry  Creek . 

Spring  Creek . 

Hobble  Creek . 

—  do . 

120 

120 

120 

120 

218 

218 

218 

640 

•09 

•12 

•14 

•18 

•58 

■59 

•49 

•31 

—  do . 

—  do . 

Logan  River . 

—  do . 

Above  high  line  canal . 

—  do . 

Provo . 

Big  Bench  Canal . 

Bear . 

I  mile  in  canyon . 

4  mile  below  head  .... 
Collinston . 

June  11 

.  .do . 

At  English  Camp . 

797 

June  12 

Logan.  Hyde  Park, 

39 

and  Smithfied  Canal. 

June  12 

Logan  and  Richmond. 

Near  head  gate . 

68 

June  14 

Logan  and  Hyde  Park . 

In  Logan  . 

.35 

June  14 

Logan  and  Benson 

—  do . 

38 

Canal. 

July  25 

East  Fork  Sevier . 

(Floats.)  Below  Otter 

35 

1,177 

*03 

Creek. 

July  30 

Sevier . 

1 

Joseph . 

70 

2, 714 

03 
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Gaugings  at  temporary  stations — Continued. 

SNAKE  BASIN. 


Date. 

Stream. 

Locality  of  gauging. 

Dis¬ 

charge. 

Drainage 

area. 

Run  off 
per 
square 
mile. 

1889. 
June  15 
July  1 
July  19 
Sept.  19 
Sept.  19 
Sept.  18 
Sept.  19 
Sept.  14 

Sept.  14 
Sept,  14 
Sept.  16 
Sept.  16 
Sept.  16 
Sept.  16 
Sept.  16 
Sept.  16 

Little  Wood . 

Silver  Creek . 

North  Fork  Snake _ 

.  . . do . 

South  Fork  Snake  .... 

Teton  River . 

Fall  River. 

Shoshone,  Idaho. 

Bellcone,  Idaho . 

Rexburg  Ferry . 

Above  Fall  River . 

Above  canals . . 

Near  Teton  City  .  ... 
...  do . 

Sec. -ft. 
32 
174 
133 
1,273 
1,614 
293 
452 
103 

65 

38 

74 

70 

236 

14 

874 

1 

Sq.  miles. 
907 
83 

931 

5,850 

967 

594 

Sec.-ft. 

•04 

2-10 

1-47 

•28 

•30 

•76 

Eagle  Rock  Canal  . . . 

Farmer's  Friend  ditch 

Willow  Creek  head 
gate. 

Head  gate . 

ftnutVi  Fnrfc 
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Ill 


ENGINEERING. 

SCOPE  OF  WORK. 

The  following-  brief  statement  of  results  accomplished  by 
the  engineers  follows  the  plan  of  the  first  annual  report  on  irri¬ 
gation,  there  being  no  essential  change  in  methods  or  locality 
ot  work.  These  results,  however,  are  ot  necessity  given  in 
the  briefest  form,  as  the  valuable  material  is  so  great  in  amount 
that  it  must  be  left  for  subsequent  publication.  The  surveys 
vary  in  character  from  rapid  reconnaissance  work,  covering 
great  areas,  to  the  most  careful  and  detailed  instrumental  work 
in  chosen  spots,  followed  by  elaborate  computations  and  plans. 
Between  these  extremes  are  surveys  of  every  intermediate 
degree  of  care.  In  each  engineering  division  broad  reconnais¬ 
sance  work  tor  the  purpose  of  discovering  reservoir  sites  was 
done ;  at  the  same  time  preliminary  surveys  were  carried  on  in 
a  tew  cases,  and  a  smaller  number  of  very  careful  examina¬ 
tions  were  made  in  localities  whose  adaptability  for  storage 
reservoirs  was  at  once  recognized.  An  exhibition  of  this  work 
in  lull  requires  more  space  than  can  be  given  in  an  annual 
report. 

It  should  be  noted  in  this  connection  that  each  engineer  has 
been  compelled  to  make  statements  regarding  the  feasibility 
of  the  larger  projects,  in  a  most  general  and  qualified  manner, 
pointing  out  the  impossibility  of  arriving  at  definite  conclusions 
until  more  is  known  of  the  actual  water  supply  and  the  behavior 
of  the  rivers  and  smaller  streams.  The  engineer  must  know 
not  only  the  average  flow  of  certain  water  courses,  but  also 
their  greatest  and  least  discharge  for  a  number  of  years,  before 
he  can  give  decisive  opinion  as  to  the  desirability  of  construct¬ 
ing  important  storage  systems.  It  is  a  comparatively  simple 
matter  to  plan  a  dam  at  a  given  place  and  to  estimate  the  cost 
of  such  a  structure  of  given  dimensions ;  and,  moreover,  the  cal¬ 
culation  of  the  contents  of  the  reservoir  thus  made  is  a  mere 
matter  of  detail.  Thus,  the  engineers  can  say  that  at  this 
place  or  that  a  dam  can  be  built  for  a  certain  sum,  and  that  this 
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dam  will  hold  back  so  much  water ;  but  the  question  of  far 
greater  importance  and  whose  answer  governs  all  other  matters 
is,  will  it  pay?  In  other  words,  do  we  know  that  there  is  suffi¬ 
cient  water  to  fill  the  reservoir  each  and  every  year  (for  the 
loss  of  a  single  year  may  mean  ruin  to  a  community),  and  do 
we  know  that  no  great  flood  will  occur  of  such  violence  as  to 
overtop  the  structure  and  pull  it  down?  It  is  only  after  these 
questions  have  been  satisfactorily  answered  that  the  central  fact 
can  be  determined,  namely,  whether  the  cost  ot  storing  this 
water  and  bringing  it  to  the  arable  land  will  be  such  as  to  make 
it  feasible. 

These  questions  of  water  supply,  location,  and  proportioning 
of  dam  are  so,  interdependent  that  the  estimates,  cost,  and 
future  returns  are  hopelessly  involved  in  doubt,  while  there  is 
uncertainty  as  to  the  volume  of  water  flowing  in  the  rivers.  It 
is  true  that  there  are  many  undertakings  of  local  importance 
and  value  which  can  be  carried  out  without  any  but  the  most 
general  knowledge  of  water  supply  and  its  vagaries,  but  the 
more  important,  comprehensive  systems,  upon  whose  proper 
execution  depends  the  prosperity  of  great  irrigation  districts 
and  in  whose  stability  the  public  as  a  whole  have  a  vital  inter¬ 
est — these,  as  in  all  similar  constructions  made  throughout  the 
world,  must  await  more  definite  knowledge  of  the  hydrography 
and  of  the  topographic  and  climatic  features  which  modify 
them. 

From  the  best  information  to  be  obtained,  it  appears  that 
1889  was  an  extraordinarily  dry  year,  and  in  1890,  in  spite  of 
the  abundant  rainfall  in  certain  parts  of  the  arid  regions,  the 
rivers  as  a  whole  did  not  fully  recover  from  the  effects  of  the 
drought.  Thus,  the  published  results  represent  but  one  side  of 
the  case,  the  minimum  condition,  and  the  water  supply  in  the 
localities  where  measured  appears  less  than  is  actually  the  case. 
In  the  reservoir  projects,  which  from  necessity  are  based  upon 
data  of  a  dry  year  only,  there  are  vital  qualifications  to  be 
borne  in  mind  in  discussions  of  their  value,  and  while  the 
attempt  lias  been  made  to  give  the  best  and  most  satisfactory 
treatment  to  each  scheme,  this  uncertainty  as  to  fundamental 
facts  hangs  over  all. 
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MONTANA  DIVISION. 

Mr.  H.  M.  Wilson,  engineer,  took  charge  of  this  division  on 
June  14,  1889,  under  general  instructions  to  devote  his  atten¬ 
tion  primarily  to  a  thorough  reconnaissance,  especially  with 
regard  to  storage  facilities,  and  to  undertake  only  such  field 
work  and  segregation  as  should  not  divert  him  from  the  task 
of  gaming  a  preliminary  knowledge  of  the  country.  In  this 
he  was  aided  by  Mr.  B,  S.  Tarr,  one  of  the  hydrographers  of 
the  Survey,  who  had  been,  during  the  previous  month,  pre¬ 
paring  information  relative  to  irrigation  for  the  use  of  the 
select  committee  of  the  Senate. 

After  a  brief  reconnaissance  it  was  found  that  in  the  Sun 
River  and  Teton  Basins,  in  Cascade  and  Chouteau  Counties, 
there  was  an  abundance  of  irrigable  land  and  excellent  oppor¬ 
tunities  for  water  storage.  A  survey  of  the  reservoir  sites  in 
the  Upper  Sun  River  Basin  was  therefore  begun  at  once  and 
continued  under  the  charge  of  Mr.  John  B.  Rogers  until  the 
end  of  October,  1889. 

The  field  operations  being  well  under  way,  Mr.  Wilson 
devoted  his  time  to  a  thorough  personal  reconnaissance  of  as 
much  of  the  State  as  could  be  examined  in  a  season.  In  this 
work,  lasting  from  July  24  until  September  25,  he  traveled 
2,000  miles  on  horseback  and  1,650  miles  by  rail,  examining 

inigable  land  and  water  supply,  and  looking  for  possible 
storage  sites. 

This  preliminary  examination  was  for  the  purpose  of  discov- 
eiing  storage  sites  and  determining  the  relative  importance  and 
necessity  in  the  various  localities  of  detailed  engineering  sur- 
veys,  in  order  that  these  might  be  begun  and  be  carried  on 
in  a  systematic  manner,  in  places  where  the  largest  and  best 
results  would  ensue.  Estimates  sufficient  for  this  purpose 
were  made  based  upon  observations  by  the  eye,  aided  by 
simple  hand  instruments,  but  were  not  to  be  considered  as 
final,  as  in  matters  of  this  character  it  is  impossible  to  make 
accurate  estimates  without  careful  surveys.  The  statements  of 
the  acreage  of  irrigable  land  were  based  upon  assumptions  as 
to  the  water  duty,  which  may  not  be  verified  in  the  future  and 

may  require  revision  as  new  facts  are  developed.  The  duty 
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of  water  should  be  great,  but  on  account  of  its  abundance  no 
efforts  have  been  made  to  use  it  frugally.  From  statements  of 
farmers  and  canal-owners,  it  is  estimated  that  the  duty  \aiies 
from  60  to  80  acres  in  ordinary  soils,  and  with  clay  subsoil  is 
as  high  as  100  acres.  In  the  estimates  made  a  water  duty  as 
Ilia'll  as  the  surrounding  circumstances  seemed  to  justify  was 
assumed  in  each  case. 

In  order  to  determine  upon  the  practicability  of  the  projects 
reported,  it  is  necessary  to  make  preliminary  surveys  of  the 
various  reservoir  sites  indicated  and  a  thorough  study  ot  the 
catchment  areas  of  the  streams,  after  which  detailed  mapping 
of  the  localities  selected  is  essential  in  order  to  make  reliable 
estimates  of  the  cost  of  construction.  A  brief  notice  of  the 
localities  visited  and  reference  to  the  storage  facilities  there 
discovered  will  serve  to  indicate  the  scope  and  importance  of 
this  reconnaissance. 

Beginning  with  the  Missouri  River  in  western  Montana,  there 
is  on  the  east  side  of  the  river,  the  Missouri  valley  25  miles  long 
north  and  south  and  varying  in  width  from  1  to  8  miles.  It  is 
found  that  the  water  supply  for  the  tract  ot  good  land,  which 


comprises  about  60  per  cent  of  the  valley,  is  abundant  and  con¬ 
venient  and  may  be  derived  from  either  of  two  sources,  namely, 
from  a  great  canal  taken  from  the  Missouri  River,  heading  in  the 
canyon  near  Toston  and  carried  around  the  eastern  edge  of  the 
valley;  or  by  augmenting  by  storage  the  discharge  from  small 
streams  coming  out  of  the  Belt  Mountains,  by  constructing 
reservoirs  in  the  hills  and  tanks  on  the  bench  lands.  Whether 
the  one  or  the  other  of  these  methods,  or  a  combination  of 
both,  will  prove  the  best,  is  a  matter  which  can  be  decided 
only  after  a  survey  of  the  whole  has  been  made. 

The  Missouri  River  was  examined  at  a  point  2J  miles  above 
Toston,  and  it  is  believed  that  a  diversion  weir  of  masonry, 
rising  10  or  15  feet  above  mean  level,  will  turn  as  much  of  the 
stream  as  is  necessary  into  a  canal  heading  at  that  point, 
but  from  the  hasty  reconnaissance  it  is  believed  that  a  sys¬ 
tem  of  storage  reservoirs  will  be  cheaper  and  quite  as  satisfac¬ 
tory.  A  number  of  what  appeared  to  be  good  reservoir  sites 
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were  observed  on  Clear  and  Boulder  Creeks  and  other  streams, 
and  have  been  pointed  out  for  future  examination  and  survey- 

Continuing  down  through  the  canyons,  about  12  miles  below 
Craig,  the  river  again  emerges  from  the  mountains  and  flows 
through  the  broad  bench  lands  to  the  Great  Falls.  On  the  right 
bank  the  bottom  broadens  into  a  fine  fertile  plain,  known  as 
Chestnut  Valley,  which  extends  to  Smith  River  on  the  east  and 
very  nearly  to  Great  Falls  on  the  north. 

It  is  piobable  that  a  larger  canal  than  that  heading  above 
Half  Breed  Rapids  can  be  taken  out  near  this  point  by  a  high 
diverting  weir,  and  can  be  brought  to  the  valley  at  a  much 
higher  level  than  the  one  now  existing,  controlling  a  greater 
portion  of  the  valley.  Water  is  abundant,  for  at  this  point  the 
river  when  at  its  lowest  stage  carries  about  1,800  second-feet. 
West  of  the  Chestnut  Valley  and  between  the  foothills  of  the 
Rockies  and  the  Missouri  River  is  the  great  plain  through 
which  the  Teton,  Sun,  and  Dearborn  Rivers  have  cut,  forming 
bottom  lands  from  a  quarter  of  a  mile  to  a  mile  in  width, 
bordered  by  gravelly  bluffs  from  200  to  400  feet  in  height. 
At  the  lowest  stage  the  Teton,  Sun,  and  Dearborn  hardly  dis¬ 
charge  sufficient  water  to  irrigate  their  bottom  lands,  much 
less  the  extensive  benches;  hence  for  the  reclamation  of  all  this 
fertile  land  it  will  be  necessary  to  increase  the  supply  by 
storage,  the  opportunities  for  which  are  excellent. 

It  is  estimated  that  about  920,000  acre-feet  may  be  stored 
if  reservoir  sites  of  sufficient  capacity  can  be  found  on  these 
rivers.  Making  allowance  for  loss  by  absorption  and  evapo¬ 
ration,  this  amount  of  water  should  irrigate  about  552,000 
acres  at  a  duty  of  1^  acre-feet  per  acre.  On  the  above  basis 
of  estimate  it  will  appear  that  there  is  more  arable  land  than 
there  is  water,  yet  it  must  be  remembered  that  all  the  land 
will  not  be  irrigated  at  one  time,  but  that  a  very  large  per¬ 
centage  of  it  will  be  either  idle  or  occupied  for  pasturage, 
roads,  or  towns. 

In  this  region  a  number  of  reservoir  sites  were  discovered 
and  examined  carefully,  and  on  the  Sun  River  the  possibilities 
of  storage  were  so  promising  that,  as  noted  before,  surveys 
were  made  of  the  reservoir  sites,  most  of  which  proved  satis- 
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factory.  Other  reservoir  sites  besides  those  surveyed  were 
found  farther  north,  among  which  are  several  small  lake  basins. 

In  Cascade  County,  southeast  of  the  Missouri  River,  and 
between  it  and  Smith  River,  is  a  broad,  gently  sloping  bench  land, 
traversed  by  many  small  streams,  and  containing  about  180,000 
acres  of  good  land.  A  water  supply  may  in  part  be  obtained 
by  the  construction  of  reservoirs  in  Sand  Coulee  Creek,  Box 
Elder  Creek,  and  other  streams.  There  are,  however,  several 
serious  difficulties  in  the  way  of  water  storage  in  this  region  ; 
the  flow  of  water  in  the  streams  is  small  and  uncertain,  requir¬ 
ing  thorough  investigation,  reservoir  sites  are  few,  and  there 
will  be  many  obstacles  in  taking  the  water  from  the  streams  to 
the  top  of  the  bench  land. 

In  the  Little  Belt  Mountains,  Belt  Creek  carries  about  20 
second  feet  of  water  during  the  irrigating  season,  but  most  of 
this  is  now  used  on  the  bottom  lands,  which  are  extensively 
cultivated.  It  is  probable,  however,  that  the  use  of  storage 
sites,  the  facilities  for  which  are  excellent,  will  be  necessary  to 
bring  all  this  bottom  land  under  water. 

On  the  eastern  slope  of  the  same  mountains,  in  Fergus 
County,  is  a  very  extensive  plain  or  bench  extending  from  the 
foot  of  the  mountains  to  the  Missouri  canyon  on  the  north,  and 
eastward  to  the  Musselshell  River.  The  area  drained  by  Arrow 
and  Wolf  Creeks  and  the  Judith  River  was  examined,  and  it 
was  found  that  each  of  these  streams  offered  opportunities  for 
storage.  There  is  a  very  large  area  of  good  irrigable  land  on 
the  bench  through  which  these  streams  flow,  and  as  none  of 
them  are  in  deep  coulees,  canals  can  readily  be  taken  from  them 
near  the  foot  of  the  mountains  and  water  brought  upon  this 
bench  land. 

The  principal  forks  of  the  Judith  River,  which  flows  through 
the  upper  lands  of  the  basin,  are  Willow  Creek,  Ross  I  ork, 
and  Big  Trout  Creek,  all  of  which,  with  minor  tributaries,  can 
easily  be  diverted  to  the  irrigable  lands,  none  of  them  flowing 
between  deep  banks.  During  the  irrigating  season  little 
water  is  flowing,  and  all  of  this  is  now  appropriated  to  irrigate 
the  numerous  ranches  along  their  banks.  Storage  sites  are 
neither  abundant  nor  good,  although  a  few  were  noted  on  the 
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Judith  River.  The  water  supply  available  for  storage  is 
abundant,  for  the  catchment  area  of  the  Judith  above  Utica  is 
375  square  miles,  while  that  of  Ross  Fork  above  the  junction 
of  the  Judith  is  464  square  miles. 

In  the  upper  Musselshell  Valley  the  principal  irrigable  land 
lies  between  Lavina  and  Martinsdale,  and  consists  of  the  rich 
bottom  land  close  to  the  river  and  of  the  gravelly  bench  land 
on  either  side,  a  large  portion  of  which  is  arable  and  can  be 
watered  either  by  canals  taken  from  the  main  river,  or  better, 
by  means  of  water  storag’e  on  the  smaller  streams  which  enter 
the  river  between  Lavinia  and  Martindale  and  on  which  a  num¬ 
ber  of  sites  were  found  and  reported  for  survey. 

In  the  headwaters  of  the  Smith  River  basin  sites  were  found, 
notably  on  South  Fork  and  Sixteen  Mile  Creek,  and  also  on 
Shields  River,  which  heads  farther  south  in  the  same  mountains. 

The  result  of  the  reconnaissance  of  the  great  bench  lands 
along  the  Yellowstone  leads  to  the  conclusion  that  irrigation 
may  be  accomplished  by  the  use  of  storm  waters  stored  in  the 
coulees  or  in  the  basins  on  the  bench,  or  by  a  great  canal  leading 
out  of  the  Yellowstone  River.  The  first  may  be  practicable, 
but  the  acreage  which  can  be  reclaimed  by  storage  on  the  bench 
is  so  inconsiderable  as  not  to  be  worth  further  instrumental 
examination.  The  coulees  are  dry  nearly  all  the  year,  and 
sometimes  during  several  successive  years,  when  suddenly  a 
cloud-burst  or  heavy  downpour  of  rain  may  occur,  converting 
eveiy  coulee  into  a  torrential  river.  Such  floods  are  so  irregu- 
lar  and  turbulent  in  their  action  as  to  be  almost  uncontrollable, 
and  are  heavily  laden  with  sediment. 

The  second  source  of  water  supply,  the  Yellowstone  River, 
is  well  worth  careful  examination  and  study,  but  owing  to  the 
area  of  country  which  must  be  surveyed  in  order  to  decide 
upon  the  practicability  of  diverting  the  river  to  the  bench 
the  work  must  be  most  thoroughly  done.  It  is  probable  that 
a  canal  may  be  diverted  somewhere  between  Stillwater  and 
Billings  which  would  reach  the  summit  without  encountering 
insuperable  obstacles  and  requiring  too  long  a  diversion  line. 
The  slope  of  the  bench  land  and  the  fall  of  the  river  are  such 
that,  in  less  than  50  miles  on  a  direct  line,  a  canal  having  a 
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grade  of  1  foot  to  the  mile  would  reach  the  summit  of  the 
bench,  though,  owing  to  the  sinuous  course  which  the  canal 
would  have  in  following  the  contour  of  the  hillsides,  it  would 
be  many  miles  longer. 

The  average  discharge  of  the  river  during  the  irrigating  sea¬ 
son  at  the  probable  location  of  the  canal  head  near  Hillings  is 
about  3,000  second-feet,  which,  allowing  33^  per  cent  for  evap¬ 
oration  and  absorption  in  the  canal,  is  sufficient  to  irrigate 
200,000  acres  at  a  duty  of  100  acres  to  the  second-foot. 

Gallatin  Valley,  between  Bozeman  and  Moreland,  is  the  most 
productive  and  fertile  section  ot  the  State.  The  total  aiea  of 
arable  land  is  estimated  to  be  220,000  acres,  of  which  about 
30,000  acres  are  already  under  cultivation.  The  water  supply 
at  present  used  can  be  largely  increased  by  storage  among  the 
upper  tributaries  of  the  smaller  streams,  for  which  purpose 
several  good  reservoir  sites  have  been  noted,  of  which  perhaps 
the  best  is  Mystic  Lake,  at  the  head  of  Sour  Dough  Canyon  or 
Mill  Creek. 

Madison  River  in  its  upper  portion  flows  through  several 
canyons,  from  each  of  which  it  emerges  into  broad  valleys  with 
fine  agricultural  bottom  lands,  the  largest  being  known  as 
Madison  Valley,  considerable  of  which  is  now  under  culti¬ 
vation.  The  irrigation  at  present  is  entirely  from  the  local 
drainage  crossing  the  valley  to  join  the  main  river.  The  per¬ 
ennial  flow  of  these  creeks  is  nearly  sufficient  to  irrigate  the 
entire  valley,  and  for  the  complete  supply  three  reservoir  sites, 
all  located  on  the  upper  Madison  River,  would  readily  store 
all  the  water  available. 

The  water  supply  of  Ruby  and  Jefferson  Valleys  was 
examined  and  storage  sites  noted  on  the  Ruby  River  and  its 
tributaries;  and  in  the  same  manner  the  three  agricultural 
areas  of  Red  Rock,  Blacktail  Deer,  and  Beaver  Head  Valley  s 
were  considered  together,  and  estimates  made  of  the  amount 
of  water  to  be  had  by  utilizing  the  various  sites  on  the  head¬ 
waters  of  the  river  system  draining  them. 

The  following  conclusions  are  reached :  Until  a  well  dis¬ 
tributed  series  of  observations  has  been  made  to  ascertain 
stream  discharges,  evaporation,  absorption,  rainfall,  and  per- 
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centage  of  run-off,  the  attempt  to  state  what  amounts  of  water 
will  be  available  for  irrigation  or  storage  from  a  given  stream 
must  be  somewhat  uncertain. 

As  is  well  known,  there  is  more  good  agricultural  land  than 
water  to  irrigate  it,  and  in  order  to  increase  the  arable  area  it  is 
necessary  to  increase  the  water  supply  by  storing  the  water 
which  falls  during  the  non-irrigating  season,  that  is,  from 
September  to  the  spring  months,  with  their  surplus  water.  This 
reconnaissance  has  shown  that  there  are  many  opportunities 
for  doing  this,  and  the  wide  choice  of  locations  leaves  scope 
for  wise  judgment  in  their  selection. 

The  western  portion  ot  Montana,  although  most  rugged  and 
mountainous,  is  more  thickly  settled  than  the  eastern  or  plateau 
country,  from  the  fact  that  the  inhabitants  were  first  attracted 
by  the  mineral  wealth  of  the  region,  and  have  but  slowly 
changed  their  occupation  to  agriculture.  Thus  the  great 
mountain  valleys,  such  as  Deer  Lodge,  Beaver  Head,  and 
Gallatin,  are  at  the  present  time  the  best  agricultural  portions 
of  the  State,  owing  to  this  cause  and  to  the  fact  that  there  is 
a  greater  abundance  of  small  and  easily  controlled  streams 
which  render  irrigation  possible  even  to  the  poorest  settlers. 
The  soil  in  the  valley  bottoms  is  generally  excellent,  being  in 
part  alluvial  and  in  many  places  composed  of  rich,  deep 
deposits  of  lacustrine  origin.  On  the  benches  the  soil  is  gen¬ 
erally  a  rich,  warm,  sandy  loam,  and  having  a  good  natural 
drainage,  it  is  in  many  cases  preferable  to  that  lying  higher  up. 
These  benches,  however,  have  as  yet  been  little  cultivated, 
owing  to  the  difficulties  of  getting  water  to  them,  and  it  is  in 
their  reclamation  that  the  greatest  strides  will  be  made  towards 
the  development  of  the  country. 

There  are  many  moderate-sized  streams  in  the  State  and  a 
few  large  rivers,  most  of  which  carry  their  maximum  supply  of 
water  during  the  early  part  of  the  irrigating  season.  The 
first  floods  occur  in  April,  and  continue  through  June,  de¬ 
clining  in  July.  For  irrigatingin  the  latter  part  of  the  crop 
season  the  flow  of  the  streams  must  be  increased  by  storage. 
The  time  during  which  water  must  be  held  being  only  from 
March  to  September,  the  total  evaporation  will  be  small;  the 
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loss  from  this  source  may  he  taken  to  he  less  than  2  feet  in 
depth,  as  shown  by  the  results  of  the  evaporation  measure¬ 
ments  conducted  at  various  places. 

All  the  country  examined,  especially  in  the  mountain  val¬ 
leys,  has  one  characteristic.  At  the  foot  ot  the  mountains 
on  the  upper  benches  of  the  valleys  are  generally  to  he 
found  small  depressions  or  broad  coulees  with  low  slopes, 
where  small  storage  tanks  can  he  cheaply  and  easily  con¬ 
structed. 

These  tanks  have  storage  capacities  of  from  10  to  200  acre 
feet,  and  can  he  constructed  by  the  farmers  at  their  leisure. 
They  can  he  'dosed  by  lo  w  earth  dams  raised  by  scrapers  or 
.horse-power  excavators,  and  will  usually  he  not  over  15  feet 
in  maximum  depth.  Their  water  supply  can  be  derived  from 
some  small  perennial  spring,  or  from  the  occasional  storm  dis¬ 
charge  of  a  short  coulee.  Such  dams  have  been  built  by  use 
of  a  ditch  excavator  and  elevator  worked  by  horse-power. 
This  machine  automatically  elevates  the  banks  to  a  height  of 
12  feet  at  a  cost  of  less  than  9  cents  per  cubic  yard  of  embank¬ 
ment  constructed. 

THE  SUN  RIVER  SURVEYS. 

The  region  comprised  in  the  Sun  River  system  lies  between 
the  Teton  River  on  the  north,  the  Dearborn  on  the  south,  the 
Missouri  on  the  east,  and  the  crest  of  the  main  range  of  the 
Rocky  Mountains  on  the  west,  while  the  portion  surveyed  and 
studied  during  1889  includes  only  the  watershed  of  the  Sun 
River,  extending  to  the  divides  between  the  Teton  on  the  north 
and  the  Dearborn  River  on  the  south. 

The  topography  is  simple:  the  Sun  River,  after  rising  in 
the  Rockies,  flows  southward  through  them  for  about  CO  miles, 
and  then,  turning  abruptly,  flows  eastward  through  a  canyon 
in  the  confining  mountains  and  emerges  on  the  level  plain, 
through  which  it  flows  for  75  miles  to  its  junction  with  the 
Missouri  River  at  Great  Falls. 

Along  its  entire  course  through  the  plain  the  river  has 
eroded  a  broad,  level  bottom  which  averages  about  1  mile  in 
width  and  is  from  5  to  25  feet  above  the  surface  of  the  water  in 
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the  river.  This  bottom  is  bordered  by  a  steeply  sloping*  bluff 
averaging-  from  300  to  500  feet  in  height,  the  top  of  which  is 
the  surface  level  of  the  plain,-  a  bench  generally  flat  and 
extending  north  and  south  to  the  next  river  channels,  where 
a  similar  bluff  and  bottom  appear. 

The  total  area  of  the  big  bench  land  between  the  Sun  and 
Teton  Rivers  is  about  530,000  acres,  of  which  perhaps  395,- 
000  acres  can  be  profitably  cultivated  if  a  sufficient  water 
supply  can  be  provided.  Between  Willow  Creek  and  the 
South  Fork  are  15,000  acres,  of  which  at  least  5,000  are  good 
irrigable  land.  The  bottom  lands  on  the  south  side  of  the 
lower  Sun  River  east  of  Fort  Shaw  and  the  bench  lands 
south  of  the  Sun  River,  between  it  and  the  Missouri  and  east 
of  Fort  Shaw,  in  townships  19  and  20  north,  ranges  1  and  2 
east,  contain  in  all  about  60,000  acres  of  excellent  irrigable 
land,  which  can  probably  be  watered  by  a  canal  taken  from 
the  Sun  River  near  Fort  Shaw,  utilizing  any  water  that  can 
be  spared  from  the  reservoirs  above.  Altogether  there  are 
a  total  of  460,000  acres  reclaimable  by  the  reservoirs,  pro¬ 
vided  a  sufficiently  cheap  supply  of  water  can  be  obtained. 

In  order  to  bring  this  immense  area  to  the  highest  state  of 
cultivation  it  is  probable  that  a  water  supply  for  not  over 
300,000  acres  will  have  to  be  provided,  since,  when  fully 
cultivated  and  inhabited,  at  least  5  per  cent  of  the  area  will  be 
occupied  by  roads  and  buildings,  15  per  cent  more  by  towns 
and  by  pasture  lands,  which  will  receive  water  by  percolation 
from  the  surrounding  fields,  and  a  large  proportion  more  will 
be  idle. 

Bottom  lands  with  a  water  right  in  perpetuity  range  in 
value  from  $15  to  $25  per  acre  exclusive  of  improvements, 
and  it  is  probable  that  the  bench  lands  will  bring  even  better 
prices.  At  present  fully  95  per  cent  of  the  land  is  owned  by 
the  Government,  and  it  is  held  at  $1.25  per  acre,  though  with¬ 
out  water  it  is  almost  valueless  except  for  grazing. 

SURVEYS. 

By  reference  to  PI.  lxxv  can  be  seen  the  general  location  of 
the  reservoir  sites  and  canal  lines  of  this  system.  In  the  course 
of  the  work  a  bench-mark  was  located  with  reference  to  natural 
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objects,  the  elevation  of  which  was  assumed.  .From  this  bench 
as  an  initial  point  main  transit  and  level  lines  were  run  through 
and  connecting  the  different  basins  first  surveyed.  From  these 
main  lines  short  lateral  lines  were  run  at  frequent  intervals  to 
the  top  contour  of  each  basin  and  the  topography  sketched  on 
these  lines  in  5-foot  contours.  The  horizontal  control  was 
obtained  by  stadia  measurements  and  the  entire  system  of 
main  lines  tied  by  making  a  circuit  and  checking  back  on  the 
initial  point  of  survey. 

A  careful  examination  was  then  made  of  the  Sun  River  for 
a  distance  of  30  miles  above  the  basins  first  surveyed.  On 
this  reconnaissance  four  reservoir  sites  were  discovered,  the 
survey  of  which  was  at  once  begun.  Of  these,  reservoir  No.  1 
being  but  a  few  miles  above  the  series  of  basins  already  sui- 
veyed,  it  was  decided  to  run  a  main  transit  and  level  line  up 
the  river  from  the  first  initial  point  and  base  the  season’s  work 
upon  this  datum,  which  ultimately  should  be  connected  with  sea- 
level  elevations.  This  main  transit  and  level  line  was  carried 
up  the  river  a  distance  of  27  miles,  also  up  the  South  Fork  for 
7  miles,  making  a  total  of  34  miles.  This  work  was  necessary 
in  order  to  ascertain  the  relative  positions  of  the  four  reservoirs 
lying  along  the  river,  because,  with  the  exception  of  reservoir 
No.  1,  they  are  on  unsurveyed  land. 

At  each  reservoir  the  dam  site  was  examined  and  its  loca¬ 
tion  decided  upon,  and  a  stone  monument  was  erected  at  each 
end.  An  accurate  profile  was  then  made  through  the  axis  of 
the  dam,  and  the  topography  sketched  on  each  side  of  the 
entire  line.  The  surveys  of  canal  lines  consisted  merely  of 
running  out  the  grade  contour,  measuring  the  length  of 
trestles,  and  ascertaining  the  quantities  of  excavation  at  con¬ 
trolling  points  where  cuts  were  necessary  to  save  grade  and 
distance.  Notes  were  taken  of  the  character  of  excavation  and 
embankment,  so  that  a  close  preliminary  estimate  could  be 
made  of  the  cost  of  construction.  The  surveys  of  reservoirs 
and  of  canal  lines  were  connected  to  the  Land  Office  survey 
by  tying  to  section  and  township  corners.  In  plotting,  the 
field  notes  were  adjusted  to  connect  with  the  Land  Office  sur- 
vey,  so  that  in  segregating  irrigable  lands  and  lands  necessary 
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for  reservoir  sites  and  head-works  of  canals  the  Land  Office 
plats  were  used  as  a  base.  Reservoirs  No.  2,  No.  3,  and  No. 
4  are  on  unsurveyed  land,  and  to  locate  them  in  reference  to 
the  Land  Office  survey  connection  was  made  with  the  town¬ 
ship  line  intersected,  and  the  land  lines  projected  over  the 
areas  surveyed. 

RESERVOIRS. 

The  Sun  River  project,  as  surveyed  and  shown  on  PI.  lxxvi, 
consists  of  ten  reservoirs  whose  sites  have  been  segregated,  as 
described  on  the  following  pages,  and  three  canal  lines,  all  lying 
within  the  Sun  River  Basin.  Reservoir  No.  1,  shown  on  PI. 
lxxvi,  is  the  lowest  of  four  reservoirs  upon  the  Sun  River;  the 
dam  is  located  in  the  W.  J  of  Sec.  20,  T.  22  N.,  R.  7  W.  The 
foundation  and  abutments  are  of  solid  sandstone,  rising 
nearly  perpendicularly  on  the  left  bank  of  the  river,  while  on 
the  right  bank  the  rise  is  about  1  in  10.  The  river  at  this 
point  is  105  feet  wide  and  7  feet  in  maximum  depth,  with  an 
average  fall  of  15  feet  per  mile  through  the  reservoir  site.  This 
reservoir  is  located  on  public  land  of  no  special  value,  the  site 
being  described  in  Land  Office  terms  on  page  127. 

Reservoir  No.  2,  shown  on  PI.  lxxvi,  the  second  one  on  the 
Sun  River,  is  situated  on  unsurveyed  land  and  lies  about  3 
miles  above  reservoir  No.  1.  It  is  105  feet  higher  than  No.  1, 
and  will  flood  what  is  known  as  Richardsons  Bottom,  named 
after  a  squatter  who  has  located  there.  The  abutments  and 
foundation  for  the  dam  are  sandstone.  By  projecting  the  land 
lines  over  this  reservoir  it  is  found  that  the  dam  site  lies  in  the 
SW.  i  of  Sec.  28,  T.  22  N.,  R.  8  W. 

Reservoir  No.  3,  shown  on  PI.  lxxvii,  is  located  on  the  North 
Fork;  in  elevation  it  is  510  feet  higher  than  reservoir  No  2. 
The  foundation  and  abutments  of  the  dam  are  of  granite.  At 
this  point  the  river  is  95  feet  in  width  and  4  feet  in  greatest 
depth,  and  has  an  average  fall  of  26  feet  per  mile  through  the 
reservoir  site.  This  site  is  also  on  unsurveyed  land  ;  by  pro¬ 
jecting  the  land  lines  it  was  found  that  the  dam  site  would  be 
in  the  NW.  i  of  Sec.  27,  T.  22  N.,  R.  10  W.  The  complete 
description  is  given  with  that  of  the  other  sites. 
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Reservoir  No.  4,  shown  on  PI.  lxxvii,  is  located  on  the  South 
Fork,  4  J  miles  above  the  forks,  and  is  600  feet  higher  than  res¬ 
ervoir  No.  2.  This  reservoir  is  also  on  unsurveyed  land,  but 
the  dam  site  would  be  in  the  SW.  \  of  Sec.  9,  T.  21  N.,  R.  10 
W.,  as  determined  by  projecting  the  land  lines  to  this  area. 
The  foundation  and  abutments  are  of  granite.  The  river  at 
this  point  is  45  feet  wide  and  3  feet  in  maximum  depth,  and  has 
an  average  fall  of  31  feet  per  mile  through  the  reservoir  site. 

Reservoir  No.  5,  shown  on  PI.  lxxviii,  is  located  on  Willow 
Creek,  about  2  miles  above  its  junction  with  the  Sun  River. 
The  dam  site  is  in  the  NW.  ^  of  Sec.  30,  T.  21  N.,  R.  6  W. 
The  foundations  and  abutments  are  of  earth.  Willow  Creek 
is  but  a  small  stream,  discharging  but  a  few  second  feet,  and 
is  entirely  inadequate  to  supply  this  reservoir.  A  canal  line 
was  therefore  run  from  the  top  of  reservoir  No.  2,  which  will 
supply  this  reservoir  and  three  smaller  ones  lying  above  it  from 
the  flood  waters  of  Sun  River. 

Reservoir  No.  6,  shown  on  PI.  lxxviii,  is  located  on  Willow 
Creek,  about  6  miles  above  reservoir  No.  5,  and  is  340  feet 
higher.  The  foundations  and  abutments  are  of  earth.  The 
dam  site  lies  in  the  S.  ^  of  Sec.  12,  T.  20  N.,  R.  8  W. 

Reservoir  No.  7,  shown  on  PI.  lxxviii,  will  be  formed  by 
damming  a  narrow  valley  just  below  two  small  alkali  lakes.  It 
is  located  upon  a  natural  water  course  about  1J  miles  from 
Willow  Creek  and  2  miles  west  of  reservoir  No.  5,  which  lies 
100  feet  below  it.  It  will  be  supplied  by  the  canal  taken  from 
the  top  of  No.  2  and  will  drain  into  No.  5.  The  dam,  which 
will  be  constructed  of  earth,  is  located  in  the  E.  J  of  Sec.  21,  T. 
21  N.,  R.  7  W. 

Reservoir  No.  8,  shown  on  PL  lxxviii,  is  situated  a  mile 
north  of  reservoir  No.  7,  and  will  be  supplied  from  the  same 
canal.  It  lies  110  feet  higher  than  No.  7,  and  will  drain  into 
it  through  a  natural  water  course.  The  dam  is  located  in  the 
NE.  J  of  Sec.  17,  T.  21  N.,  R.  7  W.  The  foundation  and 
abutments  are  of  earth.  There  is  a  small  alkali  lake  in  this 
basin,  flooding  an  area  of  18  acres. 

Reservoir  No.  9,  PI.  lxxvii,  is  a  small  basin  lying  below 
canal  No.  2,  from  which  it  will  be  supplied.  Although  com- 
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paratively  small,  it  will  have  a  sufficient  capacity  to  irrigate 
all  the  good  agricultural  land  lying  below  it.  The  dam  is  located 
in  the  extreme  NW.  corner  of  Sec.  32,  T.  22  N.,  R.  7  W.  The 
foundation  and  abutments  are  of  earth.  The  reservoir  extends 
northwesterly  through  the  S.  J  of  Sec.  30  to  the  township  line. 

Reservoir  No.  10,  or  Benton  Lake  Reservoir,  shown  on  PI. 
lxxix,  is  the  only  reservoir  the  survey  of  which  was  based  upon 
sea-level  data.  By  running  a  level  line  from  a  railroad  bench¬ 
mark  at  Great  Falls,  Montana,  the  altitude  of  the  surface  of 
the  lake  was  found  to  be  3,610.7  feet.  This  reservoir  was  sur¬ 
veyed  by  two  meander  lines  around  the  lake,  one  following 
the  shore  line  and  the  other  tracing  out  the  3,632-foot  contour, 
which  was  the  assumed  flood  line.  Gradienter  slopes  were 
read  from  these  two  lines  at  every  station  and  the  intermediate 
contours  determined  and  interpolated  in  the  office.  Benton 
Lake  is  situated  in  the  NE.  portion  of  T.  22  N.,  R.  3  E.  It  is 
about  1 J  miles  in  width.  The  lake  is  supplied  by  a  very  small 
intermittent  stream,  known  as  Lake  Creek,  which  drains  the 
catchment  area  of  this  basin,  but  has  no  natural  outlet.  It 
was  the  intention  in  making  the  survey,  in  connection  with  the 
Sun  River  project,  to  supply  this  reservoir  from  the  Sun  River 
by  a  long  canal  line.  This  idea,  however,  was  afterwards 
abandoned,  and  the  canal  line  was  dropped  when  within  15 
miles  of  the  lake,  as  it  was  found  that  the  canal  commanded 
more  agricultural  land  than  it  could  serve,  and  superior  in 
quality  to  that  lying  below  the  lake. 

CANAL  LINES. 


As  shown  on  PI.  lxxv,  three  canal  lines  were  surveyed  in 
connection  with  the  Sun  River  Project.  Canal  No.  1 ,  the  longest 
of  the  three,  is  taken  from  the  north  side  of  the  Sun  River,  in 
the  NW.  i  of  Sec.  28,  T.  22  N.,  R.  7  W.,  about  a  mile  below 
reservoir  No.  1.  The  river  at  this  point  is  160  feet  wide  and  4 
feet  deep,  with  gravel  banks  and  small  bowlder  bottom,  and 
will  require  a  weir  10  feet  high  for  diverting  the  water  into  the 
canal  head.  The  first  41  miles  of  the  canal  can  properly  be 
considered  a  diversion  line,  as  for  that  distance  it  is  located 
along  a  slope  varying  in  steepness  from  1  to  4  in  10.  There 
are,  however,  some  good  bottom  lands  lying  below  this  line 
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along  the  river  that  could  be  irrigated  by  this  canal  at  the  end 
of  the  forty-first  mile,  in  Sec.  11,  T.  21  N.,  R.  4  W.,  where  the 
summit  of  the  bench  is  reached,  and  from  this  point  to  the  cross¬ 
ing  of  the  Rig  Muddy  Creek  it  traverses  excellent  agricultural 
land  sloping  eastward  with  an  average  fall  of  13  feet  per 
mile.  This  canal  was  given  a  grade  of  2  feet  per  mile,  except 
on  the  bench  lands,  when  the  grade  was  adapted  to  these  lop 
of  the  country  and  given  frequent  drops  of  from  10  to  30 
feet.  This  line  was  carried  to  the  crossing  of  Big  Muddy  Creek 
in  Secs.  11  and  12,  T.  22  N.,  R.  1  W.,  a  total  distance  of  66  miles, 
all  of  which  will  be  earth  excavations. 

Canal  No.  2  is  taken  from  the  top  of  reservoir  No.  2,  and 
will  have  its  headworks  in  the  waste  weir  of  that  reservoir.  It 
is  designed  to  carry  the  flood  waters  from  reservoir  No.  2  to 
supply  reservoirs  Nos.  5,  7,  8,  and  9.  The  canal  line  is  13 
miles  in  length  and  has  a  fall  of  2  g  feet  per  mile.  With  the 
exception  of  a  few  hundred  feet  it  will  be  earth  excavation. 
Reservoir  No.  9  lies  parallel  to  and  64  feet  below  mile  10  of 
this  canal  line,  and  is  but  a  few  hundred  feet  distant.  This 
reservoir  would  be  filled  by  a  small  lateral  having  a  capacity 
of  20  second  feet,  which  is  sufficient  to  fill  it  in  21  days,  the 
time  required  to  fill  Nos.  5,  7,  and  8.  Canal  No.  2  empties 
into  the  north  end  of  reservoir  No.  8  in  the  NE.  \  of  Sec.  8,  T. 
21  N.,  R.  7  W.,  and  from  there  the  water  will  be  carried  in  a 
natural  water  course  through  reservoir  No.  7  to  Willow  Creek, 
thence  to  reservoir  No.  5. 

Canal  No.  3  is  taken  from  the  bottom  of  reservoir  No.  5  at 
the  dam  site,  and  will  serve  between  4,000  and  5,000  acres  of 
good  agricultural  land  lying  below  it  and  between  the  North 
and  South  Forks  of  the  Sun  River.  The  line  surveyed  was 
11 J  miles  long  and  was  ended  a  half  mile  east  of  the  town  of 
Augusta.  This  distance  can  be  shortened  by  carrying  it  across 
a  700-foot  gap  on  a  trestle  18  feet  high.  The  first  3  miles  of 
this  canal  will  be  considered  as  a  diversion  line  and  will  be 
rather  expensive  work.  The  remainder  will  be  comparatively 
easy,  consisting  only  of  earth  excavation.  It  is  the  intention  to 
carry  this  canal  line  across  the  South  Fork  and  down  the  south 
side  of  Sun  River  to  cover  a  large  area  of  good  land  lying  on  that 


U.  S.  geological  Survey 


Eleventh  annual  report  pl.  lyxviIi 


M  O  NT ANA 

Reservoir  Sites  Segregated 
H-M- Wilson  Engineer. 


IRRIGATION  SURVEY— SECOND  ANNUAL  REPORT. 


127 


side  of  the  river.  It  was  thought  unnecessary  to  continue  this 
survey,  as  the  fact  that  such  a  canal  is  feasible  has  been  demon¬ 
strated  by  the  Florence  Canal  Company,  which  has  constructed 
works  in  that  locality. 

Estimates  have  been  made  as  to  the  cost  of  the  canal  line 
and  reservoirs  and  their  capacity  under  varying  conditions, 
sufficient  data  being  accumulated  to  demonstrate  that  the  water 
of  the  Sun  Fiver  project,  as  above  utilized,  will  reclaim  in  all 
96,200  acres  above  Benton  Lake,  100,000  acres  below  that 
lake,  1,000  acres  below  reservoir  No.  9,  5,000  acres  near 
Augusta,  and  32,800  acres  below  Fort  Shaw,  or  a  total  of 
235,600  acres  of  land. 

On  the  following  pages  are  given  descriptions,  by  township, 
range,  and  section,  of  the  sites  of  the  above  mentioned  reservoirs. 


Sun  River  reservoir  system,  Montana. 
Reservoir  Site  No.  1. 


T.  22  N. ,  R.  7  W. ,  Montana  principal  meridian. 


Section  19 . . 


'  All  of  the  NE.  d  • .  • 
N.  d  of  the  SE.  d . . . , 
SE.  I  of  the  SE.  d-. 

«  E.  i  of  theNW.  I... 
SW.  |  of  the  NW.  { 
N.  i  of  the  SW.  i  . . , 
.SW.  d  of  the  SW.  i- 


Section  20 . . 


SW.  d  of  the  NW.  i 
W.  i  of  the  SW.  1. . 


Section  29 ... .  N W.  \  of  the  NW.  d 
Section  30. . .  .NE.  d  of  the  NE.  d  . 


Acres. 

160 

80 

40 

80 

44- 20 
84*27 

45- 14 


40 


80 


Acres. 


533-61 


120  * 
40 
40 


T.  22  N.,  R.  8  W.,  Montana  principal  meridian. 


Section  24. . 


j  E.  I  of  the  SE.  d. . . 
I  SW.  d  of  the  SE.  d 


80 

40 


f  NW.  d  of  the  NE.  d .  40 

Section  25 . .  •{  E.  d  of  the  N W.  d . , .  80 

[SW.  d  of  the  NW.  d .  40 


120 


160 


Total  area  segregated 


1,013-61 
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Reservoir  Site  No.  2. 


T.  22  N.,  R.  8  W.,  Montana  principal  meridian. 

Acres. 

Section  28  ...  .S.  £  of  the  SW.  £ . 

.  80 

.  40 


Section  31 . .  « 


E.  £  of  the  NE.  £ .  80 

SW.  £  of  the  NE.  £ .  40 

E.  £  of  the  SE.  £ .  80 

NW.  1  of  the  SE.  £ .  40 

SE.  £  of  the  NW.  £ .  40 

All  of  the  SW.  £ .  160 


f  All  of  the  NE.  £ .  160 

Section  32. .  All  of  the  NW.  £ .  160 

[NW.  £  of  the  SW.  £ .  40 


Section  33 ... .  All  of  the  NW.  1 . 

T.  22  N.,  R.  9  W.,  Montana  principal  meridian. 


Acres. 

80 


120 


440 


360 

160 


Section  36. 


.E.  £of  the  SE.  £. 


80 


Total  area  segregated 


1,  240 


Reservoir  Site  No.  3. 


T.  22  N.,  R.  10  W.,  Montana  principal  meridian. 

Acres 

Section  8 . SE.  £  of  the  SE.  £ . 

Section  9 . S.  £  of  the  S W.  £  . . . 


Section  16  . . 


f  All  of  the  NE.  £ .  160 

Section  17  . .  E.  £  of  the  SE  £ .  80 

[  NW.  £  of  the  SE.  £ .  40 


f  All  of  the  NE.  £ .  160 

Section  21  . .  ■{  All  of  the  SE.  £ .  160 

[  E.  £  of  the  NW.  £ . . .  80 


f  All. of  the  NW.  i .  160 

I  W.  £  of  the  NE.  £ .  80 

1  All  of  the  SW.  i .  160 

[  All  of  the  SE.  £ .  160 


80 

160 


Acres. 

40 

80 


560 


280 


400 


Section  22  . . 


W.  £  of  the  NW.  £ 
All  of  the  SW.  £  . . 


240 


BENTON  LAKE  RESERVOIR 
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Section  27  . . 

j  N  W.  |  of  the  NE.  i . 

Acres. 

.  40 

Acres. 

1  N.  |  of  the  NW.  i . 

120 

40 

Section  28  . . 

..NE.  i  of  the  NE.  i . 

Total  area  segregated . 

Reservoir  Site  No.  4. 

T.  21  1ST.,  R.  10  W.,  Montana  principal  meridian. 

Acres. 


1,  760 


Section  8 . SE.  \  of  the  SE.  i  . . 

Section  9 . SW.  \  of  the  SW.{.. 

Section  16. . .  .NW.  ±  of  the  NW.  \ 


Acres. 

40 

40 

40 


Section  17 


All  of  the  NE.  i . 

.  160 

All  of  the  SE.  i . 

SE.  i  of  the  NW.  | . 

.  40 

E.  i  of  the  SW.  i . 

.  80 

SW.  i  of  the  SW.  i . 

.  40 

Section  19 _ SE.  |  of  the  SE.  i . 

fW.  |  of  theNE.  1 .  80 

J  NW.  \  of  the  SE.  \ .  40 

]  All  of  the  NW.  ± .  160 

[All  of  theSW.  i .  160 


480 

40 


Section  20 


440 


Total  area  segregated . 

Reservoir  Site  No.  5. 

T.  21  N.,  R.  7  W.,  Montana  principal  meridian. 


1,080 


Section  14 


Section  23 


Acres. 

f  E.  i  of  the  SW.  i . 

.  80 

SE.  iof  the  NW.  i . 

.  40 

<J  SW.  i  of  the  NE.  i . 

.  40 

W.  ^  of  the  SE.  \ . 

.  80 

^  SE.  i  of  the  SE.  | . 

. .  . .  40 

TE.^of  the  SW.  i . 

.  80 

E.  |  of  the  NW.  i . 

.  80 

1  All  of  the  NE.  ^ . 

.  160 

[  All  of  the  SE.  \ . 

.  160 

f  All  of  theNE.  i . 

.  160 

j  All  of  the  SE.  i . 

.  160 

1  All  of  theNW.  i . 

.  160 

[All  of  the  SW.  | . 

.  160 

Acres. 


280 


480 


640 


11 


GEOL.,  PT. 


2- 


-9 
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Acres.  Acres. 


f  All  of  theNE.  i .  160 

Section  25  . .  \  All  of  the  NW.d .  160 

(NW.  d  of  the  SW.  d .  40 

- 360 

Section  26  . . .  .All  of  the  NE.  d . . .  160 

T.  21  N.,  R  6  W. 

f  All  of  the  SW.  d .  160 

Section  19  .  w.  d  of  the  NW.  d . ... . .  80 

-  ^  SW.  i  of  the  SE.  | .  40 

- : —  280 

Section  30  . . .  .All  of  the  NW.  d .  160 


Total  area  segregated . 

Reservoir  Site  No.  6. 


T.  20  N. ,  R  8  W. ,  Montana  principal  meridian. 


Section  11 ...  .S.  i  of  the  SE.  d 


Section  12  . . 


All  of  the  SW.  d 
All  of  the  SE.  d- 


Acres. 


160 

160 


Section  13 


r  All  of  the  NE.  d .  160 

All  of  the  NW.  d .  160 

IN.  iof  theSW.  d .  80 


Section  14 


All  of  the  NE.  d 
All  of  the  SE.  d 


160 

160 


Acres. 

80 

320 


400 


320 


Total  area  segregated . 

Reservoir  Site  No.  7. 


1,  120 


T.  21  N.,  R  7  W.,  Montana  principal  meridian. 


Section  16  . . 
Section  20  . . 


.  .S.  d  of  the  SW.  J. 
j  E.  d  of  the  NE.  d- 
l  NE.  d  of  the  SE.  d 


Acres. 


80 

40 


f  All  of  the  NW.  d .  160 

S.  d  of  the  NE.  d .  80  • 

NW.  d  of  the  NE.  d .  40 

All  of  the  SE.  d .  160 

N.  d  of  the  SW.  d- .  80 


Acres. 

80 

120 


Section  21 . .  < 
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Section  28 


N.  |  of  the  NE.  ± . 

NE.  i  of  the  NW.i .  40 


REPORT. 

131 

Acres. 

Acres. 

. .  80 

. .  40 

120 

Total  area  segregated . 

Reservoir  Site  No.  8. 


880 


T.  21  N.,  R.  7  W.,  Montana  principal  meridian. 

Acres. 
80 

80 
160 
40 


Section  17  . , .  .N.  £  of  the  NE.  \ 
Total  area  segregated 


Section  8 


E.  i  of  the  NW.  i.. 
S.  \  of  the  NE.  i... 

All  of  the  SE.  i _ 

NE.  i  of  the  SW.  ± 


Acres. 


360 

80 


440 


Reservoir  Site  No.  9. 

T.  22  N.,  R.  7  W.,  Montana  principal  meridian. 


Acres.  Acres. 

Section  29 ... .  S  W.  \  of  the  S  W.  \ .  40 

f  W.  i  of  the  SE.  £ .  80 

Section  30 . .  <(  SE.  \  of  the  SE.  \  .  40 

[  E.  i  of  the  SW.  i .  80 

- 200 

Section  31 _ N.  ^  of  the  NE.  \ .  80 

Section  32 - NW.  £  of  the  N  W.  \ .  40 


360 


Acres. 


360 

640 

640 

640 


160 


Total  area  segregated 


Section 

2.. 

Section 

3.. 

Section 

4.. 

Section 

5.. 

Section 

6.. 

Benton  Lake. — Reservoir  Site  No.  10. 

T.  22  N.,R.  3  E.,  Montana  principal  meridian. 

Acres 

f  All  of  theNW.  i  . .  160 

-{  All  of  the  SW.  ^ .  160 

[  S W.  i  of  the  SE.  i  . ,.  40 


.  Entire  section  . 

.  Entire  section  . 

.  Entire  section  . 

E.  \  of  the  NE.  |  .  80 

E.  i  of  the  SE.  i .  80 
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Section 


Section 


Section 

Section 

Section 


Section 


Section 

Section 


Section 


Section 


Section 

Section 

Section 


Section 

Section 

Section 

Section 


Section 


Acres. 

7....NE.  iof  theNE.  i  . 

'N.  |  of  the  NW.  i .  80 

N.  \  of  the  NE.  i .  80 

SE.  i  of  the  NE.  i .  40 

1  All  of  the  SE.  i  .  160 

E.  i  of  the  SW.  i .  80 

SW.  i  of  the  SW.  i .  40 


9 . .  . .  Entire  section . 

10 . .  . .  Entire  section  . 

11 .. . .  Entire  section  . 

fS.  |  of  the  NW.i .  80 

„  j  S.  i  of  the  NE.  i  .  80 

]  All  of  the  SE.  i  .  160 

[  All  of  the  SW.  i  . 160 


14 .. . .  Entire  section  . 

15 .. . .  Entire  section  . 

r  All  of  the  NE.  i  .  160 

J  All  of  the  NW.  i  .  160 

1  All  of  the  SE.  i .  160 

[  E.  i  of  the  S W.  i .  80 


j  All  of  the  NE.  1 .  160 

(  All  of  the  N  W.  i  .  160 


-.o  j  All  of  the  NE.  \ .  160 

(  E.  i  of  the  NW.  i .  80 


21.. .. NE.  iof  theNE.  i . 

(  N.  i  of  the  NW.  i .  80 

22. .  N.  i  of  the  NE.  i .  80 

(  SE.  i  of  the  NE.  i .  40 


23 .. . .  Entire  section . 

24  _ Entire  section . 

25  _ Entire  section . . . 

(  All  of  the  NE.  i .  160 

26..  ]N.  iof  theNW.  i .  80 

(  NE.  i  of  the  SE.  i .  40 


T.  22  N.,  R.  4  E. 

fW.  i  of  the  SW.  i .  80 

j  SE.  i  of  the  SW.  i .  40 

1  SW.  iof  the  NW.  i . . .  40 

[SW.  iof  theSE.  i .  40 


Acres, 

40 


480 

640 

640 

640 


480 

640 

640 


560 


320 


240 

40 


200 

640 

640 

640 


280 


200 
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Section  19.. 


f  All  of  the  NW.  i. 

I  All  of  the  SW.  1 . 
j  W.  i  of  the  NE.  i 
L  W.  i  of  the  SE.  i 


Section  30 . . 


f  All  of  the  NW.  i. 
j  All  of  the  SW.  i  . 
1  W.  |  of  the  NE.  i 
f  W.  i  of  the  SE.  i 


Section  31.. 


j  All  of  the  NW.  i 
(  All  of  the  NE.  ±. 


T.  23  N.,  R.  3  E. 

Section  35.  JW.i  of  the  SW.i . 

I  SE.  i  of  the  SW.  i . 

Section  34 _ All  of  the  SE.  j . 

Total  area  segregated . 


Acres.  Acres. 

153*16 

154*72 

80 

80 

-  467*88 

155*54 

157*08 

80 

80 

-  472*62 

156*39 

160 

- 316*39 


80 

40 

-  -120 

.  160 


11,936*89 


ARKANSAS  DIVISION. 

In  June,  1889,  Mr.  Sumner  H.  Bodfisli  was  assigned  to  the 
charge  of  this  division,  and  after  consultation  with  Mr.  E.  S. 
Nettleton,  supervising  engineer,  a  field  party  was  organized 
under  Mr.  E.  T.  Vincent,  assistant  engineer,  who  made  prelim¬ 
inary  surveys,  by  means  of  the  plane-table,  transit,  and  level, 
of  eight  reservoir  sites  at  the  headwaters  of  the  Arkansas,  whose 
general  locations  are  shown  on  PI.  lxxx.  These  were  named 
either  fiom  the  tributaries  upon  which  they  are  located  or  from 
the  nearest  railway  station  or  local  topographic  feature,  and 
are  as  follows:  Twin  Lake,  shown  on  PI.  lxxxi;  Leadville, 
Clear  Creek  (2),  and  Hayden,  on  PI.  lxxxii;  Sugar  Loaf  and 
Tennessee  F ork,  on  PI.  lxxxiii  ;  and  Cottonwood,  on  PI.  lxxxiv. 

Three  very  small  sites  were  also  examined  with  instruments 
by  this  party,  one  at  Crane’s  Park  on  the  Tennessee  Fork, 
another  on  Lake  Fork,  and  one  on  East  Fork;  but  these  have 
not  been  dignified  with  the  names  of  reservoir  sites  because  of 
their  small  capacity.  The  Hayden,  Sugar  Loaf,  Twin  Lake, 
Leadville,  and  Tennessee  Fork  sites  are  desirable,  but  the  first 
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four  can  with  economy  be  replaced  by  the  Twin  Lake  site,  as 
will  be  explained  elsewhere.  The  Cottonwood  Lake  is  a  small 
site  and  not  a  very  economical  one.  The  description  in  Land 
Office  terms  of  these  sites  is  given  at  the  end  of  this  section. 

Early  in  August  of  the  same  year  a  second  party  was  organ¬ 
ized,  under  the  charge  of  Mr.  William  Rist,  for  the  purpose  of 
surveying  a  preliminary  or  discovery  line  for  a  canal  to  be 
diverted  from  the  Arkansas  River  at  a  point  about  10  miles 
west  of  the  Kansas  and  Colorado  boundary.  This  line  was 
run  eastward  to  ascertain  the  possibility  of  irrigating  the 
land  north  and  northeast  of  Syracuse,  Kansas.  The  land  in 
this  locality  is  of  excellent  quality,  and  the  topography  is 
such  that  it  is  well  adapted  to  irrigation.  From  this  survey 
information  has  been  compiled  which  will  in  the  future  enable 
a  very  approximate  estimate  to  be  made  ot  the  cost  of  construc¬ 
tion  whenever  the  amount  of  water  available  has  been  deter¬ 
mined. 

Later  in  the  season  this  party  moved  overland  to  Monument, 
Colorado,  and  began  the  survey  of  certain  localities  upon  Mon¬ 
ument  Creek.  The  manner  of  survey  was  similar  to  that 
employed  at  the  headwaters  of  the  Arkansas.  Reservoirs  of 
doubtful  value  were  surveyed,  the  best,  however,  that  could  be 
found  on  Monument  Creek.  Of  these,  two  sites,  known 
respectively  as  Monument  and  Pring,  have  been  segregated, 
covering-  the  areas  shown  on  PL  lxxxiv. 

In  the  latter  part  of  September  Mr.  W.  W.  Follet,  division 
engineer,  reported  to  Mr.  Bodfish  for  the  remainder  of  the  sea¬ 
son,  and  was  assigned  to  the  duty  of  making  reconnaissance  for 
the  discovery  of  reservoir  sites.  He  explored  and  found  reser¬ 
voirs  on  Oil  or  Four  Mile  Creek,  and  on  the  Wilson,  Slate,  West 
Oil,  Six  Mile,  Eight  Mile,  Beaver,  Middle  Beaver,  Seven  Lakes, 
Oak,  Big  Turkey,  Cottonwood,  and  Badger  Creeks.  He  also 
explored  the  streams  tributary  to  the  Arkansas  between  Pueblo, 
Salida,  and  Texas  Creek,  and  reported  upon  eighteen  reservoir 
sites,  giving  for  each  the  dimensions  of  dam  required,  the  gen¬ 
eral  character  of  abutments  and  foundation,  capacity  in  acre 
feet,  and  the  location  by  township,  range,  and  section,  together 
with  remarks  as  to  the  limitations  of  the  proposed  reservoirs. 
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He  thus  obtained  information  which  will  be  of  much  value  in 
the  subsequent  survey  of  these  localities. 

In  the  case  of  the  Twin  Lake  reservoir  site,  which  can  be 
made  a  substitute  for  four  others,  more  careful  detail  surveys 
were  made,  and  during  the  winter  computations  were  attempted, 
using  assumptions  of  discharge  as  far  as  the  information  at  hand 
would  justify.  Owing,  however,  to  the  almost  total  absence 
of  exact  knowledge  as  to  the  flow  of  water  at  the  reservoir  sites, 
it  was  deemed  unwise  to  attempt  complete  estimates  until  the 
hydrographic  work  should  be  brought  nearer  to  completion. 

TWIN  LAKE  RESERVOIR. 

Lake  Creek  rises  in  the  Sawatch  Mountains  a  little  to  the 
northwest  of  Mount  Elbert,  in  latitude  39°  10'  north,  longitude 
106°  32'  west,  and  flows  south  and  southeasterly  for  about  10 
miles,  then  eastward  about  12  miles,  and  empties  into  the 
Arkansas  River. 

Ihis  creek  drains  102  square  miles  of  high  mountain  coun¬ 
try,  varying  in  altitude  from  9,010  to  14,350  feet  above  sea 
level.  This  drainage  basin  has  very  precipitous  sides,  Mount 
Massive  and  Mount  Libert  on  the  north  of  the  basin  attaining* 
altitudes  of  14,200  and  14,350  feet  respectively;  Grizzly  Peak 
on  the  west  being  13,956  feet  in  elevation  and  La  Plata  Moun¬ 
tain  on  the  south  side  being  14,311  feet  in  altitude. 

The  glacier  which  once  occupied  the  canyon  now  traversed 
by  Lake  Creek  brought  down  from  the  mountain  sides  a  great 
amount  of  debris,  building  for  the  last  4  miles  of  its  course 
high  lateral  moraines  upon  either  side  and  two  terminal 
moraines  across  the  valley,  the  lower  about  1^  miles  from  the 
Arkansas  River  and  the  other  2|  miles  from  the  lower,  making 
two  natural  dams  to  the  present  creek  and  thereby  forming  two 
beautiful  sheets  of  water  called  “Twin  Lakes.” 

These  lakes  are  situated  in  Lake  County,  Colorado,  in  T.  1 1 
b.,  R.  80  W.  of  the  sixth  principal  meridian,  the  upper  lake  occu¬ 
pying  parts  of  secs.  17,  18,  19,  20,  and  the  lower  lake  parts  of 
secs.  15,  16,  17,  20,  21,  and  22. 

The  surface  of  the  lower  and  larger  lake  had  an  altitude 
on  July  9,  1889,  of  9,194  feet,  the  upper  lake  9,200  feet;  and 
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from  all  information  available  in  the  vicinity  it  is  not  likely 
that  their  surfaces  vary  more  than  2  feet  in  altitude  during  the 
year.  A  datum  plane  at  mean  sea  level  was  assumed,  and 
with  the  aid  of  the  plane  table  and  level  a  contour  map  at  a 
scale  of  500  feet  to  the  inch  was  made  of  the  lakes  and  adja¬ 
cent  country,  showing  10-foot,  contours  as  high  as  9,240  feet 
above  datum,  and  2-foot,  contours  on  and  about  the  natural 
dam  at  the  outlet  of  the  lower  lake.  Eighty-six  soundings 
were  made  of  the  lower  and  44  of  the  upper  lake,  from  which 
have  been  constructed  extremely  generalized  contours  of  the 
lake  bottoms  with  vertical  intervals  of  10  feet. 

At  the  time  this  survey  was  made  it  was  intended  to  store 
in  these  lakes  only  the  water  of  Lake  Creek  at  this  point,  and 
subsequent  surveys  were  made  of  reservoir  sites  on  Lake  Fork. 
Tennessee,  and  East  Forks  of  the  Arkansas  River,  and  on  the 
river  itself  about  3  miles  from  Twin  Lakes,  with  a  view  of 
storing  the  water  of  each  stream  within  the  area  of  its  own 
basin. 

Since  the  field  season  closed  and  after  making  a  careful 
study  of  the  subject,  the  conclusion  has  been  reached  that  the 
water  of  the  Arkansas  River  can  be  conducted  from  a  point 
near  Hayden  Station,  on  the  Denver  and  Rio  Grande  Railroad, 
by  a  canal  to  the  lower  Twin  Lake,  and  stored  there,  thus 
obviating  the  necessity  of  constructing  reservoirs  on  the 
Arkansas  River  and  its  tributaries. 

The  catchment  area  commanded  by  this  canal  comprises  285 
square  miles,  which,  added  to  that  of  Lake  Creek,  makes  a 
total  catch  basin  of  387  square  miles,  the  water  of  which  is 
available  for  storage  in  the  Twin  Lake  reservoir. 

No  rainfall  data  exist  at  this  time  for  this  locality.  The 
nearest  station  at  which  such  observations  have  been  recorded 
is  Leadville,  about  15  miles  distant  directly  north,  and  at  an 
altitude  of  10,000  feet.  These  observations  for  the  year  from 
June,  1888,  to  May,  1889,  inclusive,  which  was  one  of  minimum 
•  precipitation,  give  a  rainfall  of  only  10-93  inches. 

The  rim  of  the  Twin  Lake  basin  has  an  altitude  varying 
from  10,500  to  14,000  feet,  and  as  timber  line  is  about  11,000 
feet  above  sea  level  in  this  vicinity,  this  rim  will  average  about 
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2,000  feet  above  timber  line.  The  precipitation  on  this  ridge 
is  principally  in  the  form  of  snow,  and  is  driven  by  the  wind 
into  immense  drifts  and  piled  to  a  great  depth  in  the  ravines, 
so  that  the  flow  of  water  caused  by  the  melting  of  this  snow 
under  a  summer  sun  is  more  uniform  than  among  the  lower 
tributaries  of  the  Arkansas  River. 

The  mean  annual  run-off  of  water  from  this  district  can  be 
accurately  determined  only  after  a  series  of  measurements 
extending  over  a  period  of  several  years.  For  the  reason  that 
the  precipitation  is  much  greater  on  the  mountains  than  at 
Leadville,  where  the  record  was  kept,  and  for  want  of  con¬ 
trolling  data,  the  arbitrary  assumption  has  been  made  that  the 
run-off  of  this  basin  will  be  equal  to  a  depth  of  10  inches  over 
the  entire  area.  This  gives  a  total  run-off  of  206,400  acre-feet 
of  water  in  one  year,  or  water  sufficient  to  cover  206,400 
acres  one  foot  in  depth. 

To  store  this  water  the  crest  of  the  dam  has  been  assumed 
at  9,240  feet  above  datum,  and  the  flood  plane  9,232  feet. 
The  elevation  of  the  bottom  of  the  lake  at  its  outlet  is  9,190 
feet,  and  the  content  of  the  reservoir  between  the  contour 
planes  of  9,190  and  9,232  is  103,500  acre-feet.  The  assump¬ 
tion  is  also  made  that  the  reservoir  will  be  emptied  twice  a 
vear.  If  the  dam  at  this  height  proves  insufficient  to  hold  the 
run-off  from  this  drainage  basin,  the  expenditure  of  a  few  hun¬ 
dred  dollars  will  open  a  ditch  between  the  two  lakes  and  from 
the  dam  to  the  lower  lake  bed,  so  that  the  old  lakes  can  be 
drawn  to  the  level  of  the  plane  of  9,180.  This  would  increase 
the  capacity  of  the  reservoir  to  121,800  acre-feet.  The  esti¬ 
mate  has  been  made  in  this  way  so  as  to  obtain  the  maximum 
amount  of  probable  future  construction.  The  outlet  should 
not  be  taken  lower  than  9,180,  because  it  would  necessitate 
considerable  expense  in  excavating  to  draw  off  the  existing 
lakes  and  also  to  get  rid  of  the  water  below  the  dam. 

The  principal  advantages  to  be  gained  by  storing  all  of  the 
water  of  these  basins  at  Twin  Lakes,  rather  than  at  two  or 
more  sites  in  other  localities  in  the  same  basin,  are  many. 
These  lakes  are  the  property  of  the  United  States,  and  they 
furnish  an  extensive  level  plane  upon  which  to  store  the  water, 
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and  a  comparatively  small  expenditure  will  be  incurred  in 
purchasing  land  to  be  Hooded,  for  the  flood  plane  of  9,232 
does  not  cover  much  of  the  adjacent  land. 

The  height  of  the  dam  in  its  highest  part  is  no  greater  than 
would  be  required  at  other  localities,  except  at  the  Hayden 
site,  in  which  case  the  dam  would  necessarily  be  120  feet  high 
to  impound  62,000  acre-feet  of  water.  The  length  of  the  dam 
is  greater  than  at  the  other  sites,  but  for  three-fourths  of  its 
length  it  has  a  height  above  the  natural  surface  of  less  than  20. 
feet,  and  for  over  300  feet  of  its  length  it  has  no  inside  slope. 
For  200  feet  only  does  the  embankment  require  building  to 
the  full  height  of  the  dam. 

The  material  available  for  the  construction  of  the  embank¬ 
ment  is  of  excellent  quality,  being  a  gravelly  soil,  grading  from 
coarse  gravel  to  sand  and  sandy  loam.  For  masonry  construc¬ 
tion  there  is  an  abundance  of  large  granite  bowlders  in  the 
immediate  vicinity;  there  is  also  a  good  quality  of  growing- 
timber  for  temporary  works ;  and  for  the  transportation  there 
are  facilities  both  by  rail  and  wagon  road. 

After  mapping  the  reservoir  and  dam  site,  careful  plans  for 
the  dam  and  all  necessary  accessories  were  made,  together 
with  estimates  of  the  material  required  and  of  the  water  which 
would  be  impounded.  This  dam  consists  of  an  embankment 
3,640  feet  long,  with  a  top  width  of  28  feet,  inside  slope  of  1 
on  3,  and  outside  slope  of  1  on  1 J,  with  bermes  5  feet  wide  at 
intervals  of  20  feet  vertically. 

Appreciating  fully  the  necessity  of  good  overflow  facilities 
for  a  storage  reservoir,  and  having  in  mind  the  many  disasters 
that  have  followed  the  neglect  to  provide  such  facilities  in  the 
past,  Mr.  Bodflsh  does  not  see  any  great  necessity  for  a  large 
waste-weir  at  this  dam,  for  the  following  reasons:  The  spring 
freshet  begins  to  rise  about  May  1  and  attains  its  maximum  flow 
about  May  30;  then  it  falls  rapidly  to  near  the  stage  existing 
prior  to  the  rise.  In  consequence  of  this,  such  water  as  has 
accumulated  during  the  late  fall  and  winter  months  should  be 
discharged  prior  to  May  1,  thereby  providing  storage  room  for 
the  spring  freshet. 

Should  the  water  at  any  time  reach  the  danger  line,  the  head 


U.  S.  GEOLOGICAL  SURVEY 


ELEVENTH  ANNUAL  REPORT  PL.  LXXXII 


IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 


139 


gates  of  the  feeding  canal  can  be  closed,  thus  turning  away 
from  the  reservoir  the  water  from  the  drainage  area  of  the 
Arkansas  River,  the  source  of  three-fourths  of  its  supply.  If 
the  water  still  continues  to  rise,  the  outlet  gates  could  be 
brought  into  use,  and  these,  when  in  good  order,  should  be  capa¬ 
ble  of  discharging  the  entire  contents  of  the  reservoir  in  40  days. 

When  the  large  surface  of  the  full  reservoir,  3,475  acres,  is 
taken  into  consideration,  the  above  seems  sufficient  to  prove 
that  a  waste-weir  constructed  to  satisfy  the  conditions  of  twice 
the  freshet  flow  of  Lake  Creek  would  be  ample  to  protect  the 
dam  from  injury  by  overflow. 

The  problem  of  discharging  the  water  of  this  reservoir  was 
also  considered  in  detail,  since  the  withdrawal  of  121,800  acre- 
feet  of  water  in  40  days,  the  period  determined  upon  as  neces¬ 
sary,  requires  construction  of  the  strongest  character.  The 
absence  of  solid  bedrock  in  the  vicinity  of  the  dam  makes  it 
necessary  that  the  water  shall  be  conducted  through  the 
embankment  or  through  the  solid  ground  near  by.  Mr.  Bod- 
fish  favors  placing  the  conduit  in  the  embankment  at  the  place 
where  it  can  be  done  in  the  most  economical  manner.  A 
masonry  conduit,  with  wing  walls,  a  gate  tower,  and  apparatus, 
lias  been  planned  and  estimates  of  quantities  prepared. 

The  engineering  work  and  preliminary  calculations  have 
been  brought  as  near  completion  as  the  hydrographic  data 
would  permit,  the  only  obstacle  to  an  intelligent  estimate  of 
total  quantities  being  the  absence  of  information  relating  to 
the  fluctuations  and  the  mean  annual  discharge  of  the  streams 
which  should  supply  the  water. 

The  descriptions  of  the  reservoir  site  of  this  basin  are  given 
by  township,  range,  and  section  in  the  following  pages: 

Arkansas  River  reservoir  system,  Colorado. 

Twin  Lakes.— Reservoir  No.  1. 

T.  11  S.,  R.  80  W.,  sixth  principal  meridian. 


Acres.  Acres. 

Section  14 - SW.  4  of  the  SW.  4 .  40 

-"All  of  the  SE.  4 .  100 

Section  15. .  S.  4  of  the  NW.  4 .  80 

l  All  of  the  SW.  4 .  100 


400 
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Section  16.. 


Section  17.. 


fS.  |  of  the  NE.  4... 
J  All  of  the  SE.  4  . . . 
I  S.  |  of  the  NW.  4.. 
[All  of  the  SW.  i... 

fS.  |  of  the  NE.  4... 
j  All  of  the  SE.  4  •  •  • 
j  SE.  4  of  the  NW.  4 
L All  of  the  SW.  4.,... 


Acres, 

80 

160 

80 

160 


80 

160 

40 

160 


Acres. 


480 


440 


Section  18 _ S.  4  of  the  SE.  4 


Section  19. 


f  All  of  the  NE.  4 
j  All  of  the  SE.  4  •  • 
]  All  of  the  NW.  4 
[All  of  the  SW.  4. 


160 

160 

157- 71 

158- 31 


Section  20.. 


f  All  of  the  NE.  4- 
j  N.  4  of  the  SE.  4 
|  All  of  the  NW.  4 
[  All  of  the  SW.  4- 


160 

80 

160 

160 


f  All  of  the  NE.  4 .  160 

j  N.  4  of  the  SE.  4 .  80 

Section  21. .  \  AU  of  the  NW  _l .  160 

[N.  4  of  the  SW.  4 .  80 


f  All  of  the  NE.  4 .  160 

J  All  of  the  SE.  4 .  160 

Section  22. .  |A11  of  the  NW-  x .  160 

[  All  of  theSW.  4 .  160 


(  All  of  the  NW.  4  .  160 

Section  23. .  -j  AU  of  the  gw.  x .  160 


Section  30 . . 


N.  4  of  the  NE.  4 
All  of  the  NW.  4 


80 

160 


80 

636-02 

560 

480 

640 

320 

240 


T.  11  S.,  R.  81  W.,  sixth  principal  meridian. 


Section  24 . . 


j  S.  4  of  the  NE.  4 
(  All  of  the  SE.  4  • 


80 

160 

- 240 

.  160 


Section  25 _ All  of  the  NE.  4 

Total  area  segregated  . . . 


4,  716-02 
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Acres. 


160 


360 

40 


160 

40 


Total  area  segregated . .  760 

Clear  Creek. — Reservoir  Site,  No.  3. 

T.  12  S.,  R.  79  W.,  sixth  principal  meridian. 

Acres.  Acres. 


"  S.  4  of  the  NE.  4 .  80 

N.  4  of  the  SE.  4 .  80 

Section  7 . .  {  SE.  4  of  the  SE.  4 .  40 

SE.  4  of  the  NW.  4 .  40 

NW.  4  of  the  SW.  4 .  40 

- 280 

W.  4  of  the  NE.  4 .  80 

W.  4  of  the  SE.  4 .  80 

Section  8 . .  E.  4  of  the  N W.  4 .  80 

SW.  4  of  the  NW.  4 .  40 

All  of  the  SW.  4 .  160 

-  440 


Leadville  Reservoir  Site,  No.  2. 


T.  9  S.,  R.  80  W.,  sixth  principal  meridian. 

Acres 

f  E.  4  of  the  SE.  4 .  80 

Section  11..  4  SW.  4  of  the  SE.  4 .  40 

[  SE.  4  of  the  S W.  4 .  40 


f 

Section  12 . .  <{ 


W.  4  of  the  NE.  4.. 
NW.  4  of  the  SE.  4 
E.  4  of  the  NW.  4.. 


.  80 

.  40 

.  80 

All  of  the  SW.  4 .  160 


Section  13 ... .  NW.  4  of  the  NW.  4  ■ 

Section  U..JN.  *  of  the  NE. 

(  N.  i  of  the  NW.  i  ... 


80 

80 


Section  15 _ NE.  4  of  the  NE. 


Total  area  segregated 


720 


Hayden  Reservoir  Site,  No.  4. 


T.  10  S.,  R.  80  W.,  sixth  principal  meridian. 


Section  34 


Acres.  Acres. 


All  of  the  NE.  4 .  160 

All  of  the  SE.  4 .  160 

S.  4  of  the  NW.  4 .  80 

All  of  the  SW.  4 .  160 

560 
80 

ef 


Section  35 - W.  4  of  the  SW.  4 
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T.  11  S.,  R.  80  W.,  sixth  principal  meridian. 


Acres. 

Acres. 

W.  4  of  the  NW.  4 . 

.  74* 35 

Section  2. .  ■< 

All  of  the  SW.  4 . 

.  160 

S.  4  of  the  SE.  4 . 

.  80 

314-35 

"  All  of  the  NE.  4 . 

.  148-95 

All  of  the  SE.  4 . 

loo 

Section ,  3 . .  ^ 

All  of  the  NW.  4 . • 

.  149-15 

E.  4  of  the  SW.  4 . 

.  80 

— 

538-10 

Section  10 . .  - 

All  of  the  NE.  4 . 

.  160 

!  NE.4  of  the  SE.  4 . 

.  40 

200 

r All  of  the  NE.  4-' . 

.  160 

All  of  the  SE.  4 . 

.  160 

Section  11..  - 

All  of  the  NW.  4 . 

.  160 

E.  4  of  the  SW.  4  . 

.  80 

NW.  4  of  the  SW.  4 . 

.  40 

— 

600 

Total  area  segregated . 

2, 292’ 45 

Sugar  Loaf  Reservoir  Site,  No. 

5. 

T.  9  S.,  R.  80  W.,  sixth  principal  meridian. 

Acres. 

Acres. 

Section  7 ...  - 

{  S.  4  of  the  SE.  4 . 

.  80 

(  S.  4  of  the  SW.  4 . 

.  78-31 

158-31 

Section  8 . . . . 

.S.  4  of  the  SW.  4 . 

80 

f  SW.  4  of  the  NE.  4 . 

.  40 

Section  17. .  All  of  the  NW.  4 . 

.  160 

(  All  of  the  SW.  4 . 

....  160 

360 

f  All  of  the  NE.  4 . 

.. ...  160 

Section  18. .  All  of  the  SE.  4 . 

.  160 

[  All  of  the  NW.  4 . 

.  156-65 

476-65 

Section  19. . . 

.All  of  the  NE.  4 . 

160 

Section  20 . . . 

.NW.  4  of  the  NW.  4 . 

. . . .- . 

40 

T.  9  S.,  R.  81  W.,  sixth  principal 

meridian. 

Section  11 . . . 

.S.  4  of  the  SE.  4 . 

80 

Section  12. . 

S.  4  of  the  SE.  4 . 

.  80 

|  S.  4  of  the  SW.  4 . 

.  80 

160 
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Section  13. 


Acres.  - 


All  of  tlie  NE.  4 .  160 

All  of  the  NW.  i .  160 


Acres. 


320 


Section  14 _ N.  4  of  the  NE.  4 


80 


Total  area  segregated 


1,914*96 


Tennessee  Park  Reservoir  Site,  No.  7. 

T.  8  S.,  R.  80  W.,  sixth  principal  meridian. 


Section 

32.. 

j  E.  4  of  the  SE.  4 . 

.  80 

'  (SW.  4  of  the  SE.  4 . 

.  40 

Section 

33. 

j  W.  4  of  the  SW.  4 . 

.  80 

|  SE.  4  of  the  SW.  4 . 

.  40 

120 

120 


T.  9  S.,  R.  80  W.,  sixth  principal  meridian. 


Section  4 . . 


'W.  4  of  the  NE.  4 
All  of  the  SE.  4.. 
*  All  of  the  NW.  4 
All  of  the  SW.  4  . 


79*57 

160 

159*05 

160 


Section  5 . . 


All  of  the  NE.  4 
All  of  the  SE.  4. . 
All  of  the  NW.  4 
All  of  the  SW.  4, 


158*72 

160 

158*60 

160 


558*62 


637*32 


Section  6 . SE.  4  of  the  SE.  4 


40 


•  Section  7 . NE.  4  of  the  NE.  4 


40 


f  All  of  the  NE.  4 .  160 

Section  8 . . .  ^  NE.  4  of  the  SE.  4 .  40 

IN.  4  of  the  NW.  4 .  80 


Section 


All  of  the  NE.  4 . 160- 

I  NW.  4  of  the  SE.  4 .  40 

S  All  of  the  NW.  4 .  160 

All  of  the  SW.  4 .  160 


280 


520 


Section  16 _ N.  4  of  the  NW.  4 


80 


Total  area  segregated 


2,  395*94 
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Cottonwood  Lake  Reservoir  Site,  No.  25. 

T.  14  S.,  R.  80  W.,  sixth  principal  meridian. 


Section 

Section 


35  . . .  SE.  1  of  the  SE.  4 

36  i  All  of  the  SE.  4  . . 
‘ '  (  All  of  the  SW.  4. . 


Acres. 


160 


160 


T.  15  S.,  R.  80  W.,  sixth  principal  meridian. 


Acres. 

40 


320 


Section 


N.  4  of  the  NE.  4 . 

N.  4  of  the  NW.  4 . 


80- 52 

81- 52 


Section  2 . . 


1ST.  4  of  the  NE.  4 
E.  4  of  the  NW.  4 


82-27 

81-32 


162-04 

163*59 


Total  area  segregated 


685-63 


Monument  Creek  Reservoir  Site,  No.  38. 


T.  11  S.,  R.  67  W.,  sixth  principal  meridian. 

Acres.  Acres. 


SW.  4  of  the  NE.  4 .  40 

W.  4  of  the  SE.  4 .  80 

Section  15 . .  1  S.  4  of  the  NW.  4 .  80 

NW.  4  of  the  NW.  4 .  40 

>11  of  theSW.  4 .  160 

- 400 

Section  16 _ E.  4  of  the  NE.  4 .  .  80 


Total  area  segregated . 

Pring  Reservoir  Site,  No.  39. 

T.  11  S.,  R.  67  W.,  sixth  principal  meridian. 


Section  26. 
Section  34. 


..All  of  the  SW.  4 
j  E.  4  of  the  NE.  4 
(  E.  4  of  the  SE.  4 


Acres. 


80 

80 


Section  35 . . 


All  of  the  NW.  4 
All  of  the  SW.  4 


160 

160 


480 


Acres, 

160 

160 

320 


Total  area  segregated 


640 
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RIO  GRANDE  DIVISION. 

The  project  of  greatest  interest  in  this  division  is  that  of  the 
proposed  reservoir  above  El  Paso,  Texas,  named  by  Maj. 
Mills  Lake  Constance. 

The  general  results  of  the  engineering  and  hydrographic 
work  at  this  point  were  stated  in  the  first  annual  report,  and 
details  were  given  in  the  report  of  the  Select  Committee  of  the 
Senate,  as  well  as  in  various  official  publications  bearing  upon 
the  international  features  of  the  problem  presented.  It  is  there¬ 
fore  sufficient  at  this  time  to  state  briefly  the  conclusions. 

A  masonry  dam  at  the  pass  65  feet  above  the  river  bottom 
will  create  a  lake  14£  miles  long  by  4  miles  in  maximum  width, 
with  a  surface  area  of  about  26,000  acres,  an  average  depth  of 
23 ‘6  feet,  and  a  cubical  content  of  537,000  acre-feet.  Of  the 
two  possible  sites,  which  are  1J  miles  apart,  the  upper  one  was 
considered  to  be  the  more  favorable.  The  estimated  cost  of  a 
dam  at  this  place  is  a  little  over  $300,000,  to  which  must  be 
added  the  cost  of  removing  the  railroads,  about  $590,000,  and 
the  cost  of  the  land  overflowed,  which  is  very  nearly  $69,000, 
making  a  total,  including  incidentals,  of  about  $1,060,000. 
This  cost,  while  large  in  itself,  is  small  when  taken  in  considera¬ 
tion  with  the  probable  returns,  as  at  least  200,000  acre-feet  of 
water  per  annum  would  be  available. 

Having  completed  the  survey,  maps,  and  calculations  inci¬ 
dent  to  this  great  project,  Mr.  Follett,  the  engineer  of  this  divi¬ 
sion,  was  for  a  time  transferred  to  the  Arkansas  division,  but 
subsequently  returned  to  make  a  reconnaissance  of  the  head¬ 
waters  of  the  Rio  Grande  for  the  purpose  of  discovering  res¬ 
ervoir  sites  and  obtaining  other  information  regarding  water 
storage  and  irrigable  lands,  preliminary  to  the  surveys  of  the 
succeeding  field  season. 

The  principal  localities  examined  were  in  and  adjacent  to  the 
Mesilla,  Albuquerque,  Espanola,  Taos,  Puerco,  San  Jose,  Chama, 
and  Jemez  Valleys  in  NewMexico  and  the  San  Luis  in  Colorado. 
Besides  these,  several  great  mesas  containing  many  thousand 
acres  of  good  land  were  traversed  and  the  probabilities  of  sup¬ 
plying  them  with  water  carefully  considered.  Outside  of  these 
11  geol.,  pt.  2 - to 
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valleys  and  mesas  there  is  a  large  percentage  of  the  territory 
examined  which  is  worthless  for  agricultural  or  pastoral  pur¬ 
poses,  hardly  producing  enough  vegetation  to  support  one 
sheep  to  50  acres,  the  rainfall  and  snowfall  being  scanty  over 
the  whole  of  this  area,  except  in  the  northern  portion  near  the 
Colorado  line. 

The  result  of  this  examination  brings  out  more  strongly  than 
ever  before  not  only  the  great  need  of  storing  the  flood  waters 
of  the  Ilio  Grande,  but  also  the  many  natural  facilities  which 
this  basin  possesses  for  this  purpose. 

For  example,  the  following  approximate  estimate  of  the  water 
needed  will  give  some  definite  conception  of  the  demand  for 
water.  In  the  San  Luis  Valley  are  five  large  canals  with  a 
combined  carrying  capacity  of  8,000  second-feet.  Probably 
none  of  them  are  now  carrying  over  half  their  maximum  flow, 
but  even  then  4,000  second-feet  are  being  used  in  this  valley. 
Of  course,  much  of  this  water  will  find  its  way  back  into  the 
river  at  or  above  the  canyon,  as  irrigation  is  now  conducted. 

Between  Embudo  and  San  Marcial  about  1,000  second-feet 
are  used  or  needed.  In  the  Mesilla  Valley  from  Rincon  to 
El  Paso  900  second-feet  are  needed.  The  new  El  Paso  ditch, 
which  owns  all  the  water  rights  of  the  old  ditches  below  on  the 
United  States  side,  has  a  capacity  of  about  400  second-feet  and 
the  Mexican  ditches  have  a  capacity  of  about  800  second-feet. 

Thus  there  are  needed  below  Embudo  3,100  second-feet  to 
supply  the  demand.  Of  course,  seepage  will  cause  some  water 
to  be  used  two  or  three  times  over,  but  even  then  there  will  be 
a  shortage  of  water  except  in  years  of  maximum  flow. 

The  country  which  suffers  first,  the  Mesilla  and  Ysleta  Val¬ 
leys,  is  that  the  products  of  which  are  far  more  valuable  per 
acre  than  those  of  the  land  on  which  the  water  has  been  used. 
With  storage  the  Territory  of  New  Mexico  can  support  a  much 
larger  population  in  the  Rio  Grande  Valley  than  at  present; 
without  it  her  progress  will  be  slow. 

It  is  to  be  noted  that  water  is  needed  not  only  for  land  not 
yet  under  cultivation,  but  even  for  a  large  portion  of  the  land 
which  for  years  has  been  farmed,  so  that  apparently  New  Mexico, 
or  rather  so  much  of  it  as  depends  upon  the  water  of  the  Rio 
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Grande,  can  not  grow  or  even  hold  its  own  until  storage  lias 
been  provided.  That  there  are  many  natural  advantages  for 
this  is  shown  by  the  fact  that  in  New  Mexico  alone  over  fifty 
reservoir  sites  were  discovered,  besides  ten  in  Colorado.  For 
discussion  the  New  Mexico  sites  are  classified  as  A,  B,  C,  D, 
and  E.  A  tabulated  statement  of  the  capacity  in  acre  feet  of 
the  reservoirs  ot  these  different  classes  is  also  given,  with  brief 

notes  as  to  reason  of  assignment  of  all  sites  included  in  D 
and  E. 

The  relative  merits  of  these  five  classes  are  about  as  follows: 

A.— Sites  with  abundant  water  supply,  good  dam  site,  good 
foundations,  material  handy  for  dam  construction,  and  large 
storage  capacity  in  proportion  to  size  of  the  dam.  These  sites 
are  all  very  valuable. 

^tes  not  so  good  in  one  or  more  respects  as  those 
classed  A.  Generally  the  storage  capacity  is  not  so  great  in 
proportion  to  the  cost  of  the  dam.  These  are  all  valuable  sites. 

Sites  where  it  is  difficult  to  get  foundations,  or  the  water 
supply  is  somewhat  doubtful,  or  storage  capacity  is  small  in 
proportion  to  the  size  of  the  dam. 

D— Sites  where  the  water  supply  is  doubtful,  or  where  the 
dam  is  large  and  the  foundation  difficult,  or  where  there  is 
danger  of  the  reservoir  filling  with  sand. 

Small  sites  of  little  value,  listed  to  show  that  they  have 
been  examined. 

Of  these  different  classes  the  number  and  storage  capacity 
are  as  follows: 


Class. 

Sites. 

Storage 

capacity. 

A . ’  . 

7 

Acre-feet. 

B . 

15 

11 

12 

7 

928, 000 

C . 

D 

E . 

46, 400 

Total . 

2, 209, 400 

Rejecting  class  E  and  two-thirds  of  D,  it  is  safe  to  say  that 
there  has  been  found  storage  capacity  for  2,000,000  acre-feet 
of  water,  and  that  there  is  in  all  probability  a  sufficient  water 
supply  available. 
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Mesas . — These  reservoirs,  if  constructed,  will  add  greatly  to 
the  agricultural  area  of  the  valleys  along  the  Rio  Grande  and 
its  tributaries,  'but  on  the  mesas  adjoining  there  appears  to  be 
little  opportunity  of  reclaiming  any  considerable  body  of  land 
on  account  of  their  elevation.  They  are  briefly  described  as 
follows: 

The  high  mesa  west  of  Albuquerque,  lying  between  the  Rio 
Grande  and  the  Puerco,  is  so  high  that  it  is  above  all  possible 
water  supply  and  is  valueless,  as  but  little  grass  grows  on  it. 

East  of  Albuquerque  there  is  a  long  mesa  running  from  the 
Sandia  Mountains  on  the  north  to  Socorro  on  the  south.  It 
lies  from  300  to  700  feet  above  the  river.  There  is  much  fertile 
land  on  it,  but  it  lies  so  high  that  water  can  only  be  gotten 
into  it  at  enormous  expense. 

The  Jornada  del  Muerto  is  the  largest  unbroken  mesa  in 
New  Mexico,  extending  from  Carthage  to  Las  Cruces.  The 
extreme  length  is  about  120  miles  and  the  extreme  width  40 
miles.  It  varies  in  elevation  from  4,400  feet  to  5,200  feet, 
possibly  a  little  higher  at  the  base  of  the  San  Andres  Moun¬ 
tains.  The  soil  at  the  southern  end  is  a  good  loam,  but  the 
western  portion  of  the  plain  west  of  the  Santa  Fe  Railroad  is 
somewhat  broken  and  has  a  gravelly  clay  soil.  In  the  central 
portion  the  soil  is  sandy,  with  much  alkali  and  volcanic  ash 
scattered  over  it.  West  of  the  Oscura  Mountains  is  a  large 
body  of  perfectly  flat  land  with  a  tine  alluvial  soil. 

A  grave  question  to  be  considered  in  connection  with  any 
project  looking  to  the  watering  of  this  plain  is,  can  water  be 
obtained  ?  The  only  available  source  for  water  supply  is  the 
itio  Grande.  From  it  must  first  be  taken  water  sufficient  to 
irrigate  its  arid  valley  lands.  These  extend  from  its  source  to 
somewhere  in  the  neighborhood  of  Piedras  Negras.  It  is  not 
economy  to  carry  water  away  from  these  valley  lands  for  use 
on  the  mesas  when  the  water  can  at  a  relatively  small  expense 
be  taken  on  to  the  valley  land,  of  which  there  is  nearly  if  not 
quite  enough  to  require  the  annual  discharge  ot  the  river. 

It  is  estimated  that  there  are  on  the  Jornada  1,500,000  acres, 
requiring  at  least  twice  the  mean  annual  flow  of  the  Rio  Grande 
could  it  all  1  le  brought  upon  this  land. 
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The  mesa  Cuchilla  Negra  embraces  a  large  extent  of  country 
west  ol  the  Jornada  del  Muerto,  along-  Alamosa  Creek,  Rio 
Cuchilla  Negra,  Rio  Palomos,  Rio  Seco,  Rio  Animas,  and  Rio 
Perches.  The  valleys  on  these  streams  are  all  narrow  and  the 
bluffs  high.  Above  the  bluffs  are  mesas,  the  land  of  which  is 
good. 

As  the  tall  of  the  streams  is  rapid,  it  is  not  impracticable  to 
take  water  out  oi  them  onto  the  mesas,  and  as  they  all  head 
on  the  Continental  Divide,  they  furnish  a  spring  flow,  which 
it  stored  could  be  used  on  the  mesas,  but  just  what  can  lie 
done  here  can  be  ascertained  only  after  patient  study  and 
examination  of  the  ground  and  the  expenditure  of  much  time. 

A  large  level  body  of  land  lying  almost  on  top  of  the  Conti¬ 
nental  Divide,  west  ot  the  Magdelena  Mountains,  is  called  the 
Plains  of  San  Augustine.  It  has  every  appearance  of  having 
once  been  a  lake  bed.  As  it  lies  so  high  as  to  be  above  all 
possible  water  supply,  it  is  valueless  for  agricultural  purposes. 

The  Santa  Fe  Mesa  is  a  tract  of  fertile  land  lying  west  and 
south  of  Santa  Fe',  which  if  a  water  supply  could  be  assured 
would  produce  grain  in  abundance,  but  the  possible  source  of 
water  supply  is  still  a  problem. 

The  Questa  Mesa  includes  the  country  east  of  the  Rio  Grande 
canyon  from  the  San  Luis  hills  as  far  south  as  Rio  Colorado. 
With  minor  exceptions  this  is  all  good  land  and  is  well  watered, 
being  under  the  waters  of  the  Rios  Culebra,  Costilla,  Latir, 
Cabresto,  and  Colorado.  With  the  storage  possible  on  these 
streams  all  this  area  might  be  brought  under  cultivation. 

The  Tres  Piedras  Mesa  includes  all  the  country  west  of  the 
river  and  east  of  the  Vallecito  Mountains,  from  the  Rio  San 
Antonio  on  the  north  to  the  Black  Mesa  just  above  Espanola 
on  the  south.  This  is  a  long  stretch  of  country,  and  is  all  or 
nearly  all  underlain  with  lava.  There  are  several  townships 
of  good  land  on  top  of  the  lava,  but  water  could  be  brought 
onto  it  only  at  great  expense,  as  a  ditch  from  the  Alamosa  or 
San  Antonio  Rivers  would  have  to  be  cut  through  lava  rock 
for  a  large  part  of  its  length.  The  Taos  Valley  Ditch  Com¬ 
pany  was  organized  to  reclaim  this  land.  They  have  built  a 
ditch  about  40  feet  wide  from  the  Alamosa  to  the  San  Antonio, 
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clammed  the  latter  stream  just  south  of  Antonito,  and  taken  out 
a  ditch  40  feet  wide  from  it.  In  May,  1890,  this  ditch  was 
carrying  some  500  second-feet  down  a  few  miles  to  the  end  of 
the  excavation,  and  there  it  was  turned  upon  the  country 
to  find  its  way  into  the  Rio  Grande  canyon  as  best  it  could. 
This  mesa  will  probably  be  of  use  only  as  pasture  land  for 
many  years  to  come. 

CALIFORNIA  DIVISION. 

In  this  division  three  field  parties  were  organized  by  Mr. 
William  H.  Hall,  the  supervising  engineer.  The  first  of  these, 
under  Mr.  Luther  Wagoner,  made  a  preliminary  reconnaissance 
of  the  reservoir  sites  upon  the  headwaters  of  the  Stanislaus, 
Tuolumne,  and  Merced  Rivers.  The  second,  under  Mr.  G.  C. 
Rockwood,  made  a  thorough  survey  of  Clear  Lake  and  its 
outlets,  and  the  third  undertook  an  examination  of  the  country 
from  the  extreme  north  of  the  State  down  into  the  headwaters 
of  the  Sacramento. 


THE  CLEAR  LAKE  SURVEY. 

The  Clear  Lake  (See  PI.  lxxxv)  surveying  party  took  the 
field  July  23,  1889.  The  object  of  this  party  was  to  make  a 
study  of  the  utilization  of  the  lake  basin  as  a  reservoir  to 
conserve  the  waters  of  its  drainage  which  are  now  usually 
wasted,  and  especially  with  a  view  to  regulating  the  supply  in 
its  outlet  stream  for  irrigation  purposes,  and  in  the  hope  of 
mitigating  winter  floods.  The  special  work  performed  was 
essentially  of  a  hydrographic  and  physiographic  nature.  On 
the  9th  of  August  Mr.  Josiali  Pierce,  topographer,  com¬ 
menced  the  topographic  survey  of  the  lake  proper  at  Lakeport. 

The  topographic  work  was  done  in  the  most  accurate  manner 
by  the  plane-table  method,  supplemented  by  the  use  of  the  level 
for  closely  establishing  elevations.  The  finished  topographic 
sheets  show  the  topography  of  the  lake  shore  in  considerable 
detail  from  the  low-water  plane  to  a  contour  several  feet 
above  it;  they  show  the  mean  low  water,  the  mean  high  water, 
and  the  highest  known  water  line.  On  these  sheets  are  also 
shown  the  various  sloughs,  marshes,  meadow  lands,  cultivated 
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lands,  lands  reclaimed,  and  works  of  reclamation,  such  as  levees, 
etc.;  they  also  show  the  property  lines  and  the  fences,  roads, 
and  other  features  of  culture  in  addition  to  the  2-foot  vertical- 
contour  intervals  of  the  ground  surface. 

On  flat  country,  contours  were  accurately  located  for  each  2 
feet  of  elevation  up  to  10  feet  above  datum,  and  with  a  less 
degvee  of  care  to  the  20-foot  curve,  but  on  a  bold  shore  only  the 
10  and  20-foot  curves  were  located.  In  the  location  of  con¬ 
tours  in  flat  country  the  Y  level  was  used.  In  the  projection 
of  the  first  two  sheets  especially  the  20-foot  contour  extended 
in  many  places  to  a  distance  1^  miles  back  from  the  shore  line, 
necessitating  the  placing  of  the  plane-table  at  points  removed 
from  the  traverse  base.  The  plan  usually  followed  was  to 
project  a  plane-table  traverse  from  some  point  on  the  base, 
using  the  stadia  measurement,  and  finally  closing  again  with 
the  transit  traverse  on  some  far  point,  thus  checking  the  accu¬ 
racy  of  the  work.  Great  difficulty  was  experienced  in  Big 
Valley  on  account  of  the  high  brush,  weeds,  and  heavy  timber. 
Level  notes  on  work  of  this  nature  were  not  kept  for  record. 
The  leveler  would  start  from  water  surface  as  a  base,  checking 
upon  it  again  at  convenient  points;  the  elevation  of  the  water 
surface  being  deduced  from  day  to  day  from  a  daily  record  of 
the  fall  of  water. 

In  making  the  hydrographic  survey,  over  100  miles  of 
traverse  lines  were  run.  Two  base  lines  were  measured  for 
the  triangulation  work,  one  near  each  end  of  the  lake,  and 
these  were  afterward  joined  by  triangulation  with  a  check  of 
a  few  feet,  which  was  close  enough  for  the  purpose  of  this 
survey. 

About  234  miles  of  sounding  were  run,  occupying  26  work¬ 
ing  days,  with  an  average  daily  progress  of  about  9  miles  per 
day.  The  approximate  length  of  the  shore  line  is  74  miles, 
and  the  rate  of  progress  along  this  line  averaged  about  2 ‘8 
miles  per  day. 

A  copy  was  secured  of  a  very  close  record  of  the  rise  and  fall 
of  the  waters  of  Clear  Lake  from  1873  to  1888,  inclusive,  kept 
under  the  direction  of  Capt.  R.  S.  Floyd,  of  Kono  Tayee  Point. 
The  levels  of  the  survey  were  connected  with  the  zero  plane 
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of  tliis  gauge.  The  low-water  plane  of  Clear  Lake,  as  estab¬ 
lished  by  this  survey  and  connected  with  a  checked  line  of 
railroad  levels,' is  1,325  feet  above  mean  low  tide  in  San  Fran¬ 
cisco  Bay.  Sounding  lines  were  located  by  direction  from 
point  to  point  by  compass  bearings  and  double  sextant  angles, 
intermediate  soundings  being  placed  by  time  intervals.  The 
soundings  were  accurately  taken  to  a  depth  of  10  feet  below 
mean  low  water,  and  with  less  care  to  a  depth  of  20  feet,  and 
below  this  only  sufficient  soundings  were  taken  to  give  a  gen¬ 
eral  idea  of  the  depth  of  the  lake  and  the  topography  of  its 
bottom. 

The  special  survey  at  the  outlet  of  the  lake  was  made  in  the 
most  accurate  manner  as  a  transit,  chain  and  level  survey. 
Frequent  traverse  and  cross-section  lines  were  run,  with  levels 
taken  along  them,  so  as  to  afford  data  for  estimating  earthworks 
at  any  point.  The  detailed  outlet  survey  extended  over  a  dis¬ 
tance  of  about  22,000  feet,  covering  the  region  of  shoal  water 
at  the  lower  end  of  the  lake,  the  adjacent  marshes  through 
which  the  outlet  channel  meandered,  and  that  portion  of  Cache 
Creek  flowing  therefrom  and  extending  down  to  a  point  where 
its  bottom  was  20  feet  below  the  low- water  plane  of  the  lake. 
The  map  representing  this  work  is  projected  on  a  scale  of  500 
feet  to  the  inch,  and  delineates  the  surface  topography  in  a 
very  satisfactory  manner. 

On  the  27tli  of  July  Mr.  liock wood  commenced  the  meander 
line  down  the  north  bank  of  Cache  Creek,  taking  elevations 
every  100  feet.  The  datum  used  was  the  mean  low  water 
(assumed  from  information  given  by  Mr.  Bowers)  of  the  lower 
lake,  this  elevation  being  near  100  feet.  The  Cache  Creek 
meander  was  carried  down  the  stream  21,700  feet  to  a  point 
where  the  creek  bottom  had  an  elevation  of  79-  feet.  Cross- 
sections  were  run  at  intervals  from  the  meander  line  and  con¬ 
tours  located  on  them  a  foot  in  elevation,  up  to  8  feet  above 
the  datum. 

The  following  are  some  of  the  results  obtained  by  a  careful 
compilation  of  the  data  obtained  by  the  hydrographic  survey 
of  the  lake.  The  area  of  the  surface  of  the  lake  at  an  elevation 
of  10  feet  below  mean  low  water  is  56*85  square  miles.  At 
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low  water  (the  assumed  100-foot  contour)  its  area  exposed  to 
evaporation  is  63*784  square  miles,  and  the  volume  of  water 
between  these  two  planes  is  385,300  acre-feet.  The  area  of 
water  surface  of  the  lake  at  the  110  contour,  which  is  10  feet 
above  mean  low- water,  is  72*08  square  miles,  and  the  volume 
contained  between  the  low  water  mark  and  this  plane  is  435,300 
acre-feet.  These  results  would  give  an  equivalent  of  about 
19,330  second-feet  of  flow  for  1  day  for  every  1  foot  in  depth 
of  water  in  the  lake  in  the  lower  10-foot  layer,  and  about 
21,980  second-feet  for  1  day  for  every  1  foot  in  depth  of  water 
in  the  layer  above  the  mean  low  datum.  The  equivalent  dis¬ 
charge  during  30  days  would  average  645  second-feet  for  every 
1  foot  in  depth  of  the  lower  layer,  and  73  3  second-feet  for 
every  1  foot  of  the  upper  10-foot  layer. 

The  mean  monthly  stand  of  the  lake’s  surface,  as  shown  on 
the  Kono  Tayee  gauge  rod  and  reduced  to  elevations  above 
the  assumed  datum  plane  of  100  feet  below  low  water,  varied 
as  follows :  The  observations  extended  for  a  period  of  years 
from  1874  to  1888,  and  the  lowest  mean  during  this  period 
occurs  in  October,  the  reading  being  100*574  feet,  and  in¬ 
creases  slowly  from  that  month  until  March,  when  the  mean 
reading  is  104*233  feet,  after  which  it  decreases  again  to  Octo¬ 
ber.  The  mean  annual  reading  for  that  period  of  years  was 
102*585  feet,  and  ranged  between  100*401  feet  in  1883  and 
104*663  feet  in  1876.  The  monthly  precipitation  on  the  sur¬ 
face  of  the  lake  varied  during  the  period  of  15  years  from  a 
mean  of  0  inches  in  the  month  of  July  to  4*67  as  the  mean  for 
the  month  of  January,  and  the  annual  mean  is  20*21  inches. 

The  probable  loss  by  evaporation  from  the  lake’s  surface, 

♦  in  inches,  as  compiled  from  observations  made  by  the  Cali¬ 
fornia  State  engineering  department  on  water  surface  exposed 
to  similar  conditions,  is:  January,  IT  inches;  February,  1*6; 
March,  2*8;  April,  3*1;  May,  3*9;  June,  6*4;  July,  7*85 ; 
August,  9*65;  September,  8*10;  October,  5*2;  November, 
2*9  ;  December,  1*4.  Yearly,  54  inches.  These  rates  give 
an  annual  evaporation  from  the  surface  exposed  at  the  92-foot 
plane  of  168,000  acre-feet,  and  from  the  surface  exposed  by 
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the  100-foot  plane  of  184,700  acre-feet,  and  from  the  110-foot 
plane  298,400  acre  feet. 

As  the  result  of  the  detailed  survey  for  an  artificial  outlet 
to  this  lake  and  the  study  preliminary  to  any  definite  planning 
in  this  connection,  estimates  of  the  number  of  cubic  yards  of 
excavation  are  presented,  being  for  a  channel  carrying  7,500 
second-feet  of  water,  1,420,000  cubic  yards,  and  for  a  channel 
to  carry  5,000  second-feet,  921,000  cubic  yards. 

The  general  outlines  of  this  lake  are  shown  on  PI.  lxxxv, 
and  a  description  of  the  site  is  given  by  township,  range,  and 
section  on  page  159. 

The  field  operations  under  Mr.  Wagoner  were,  as  before 
stated,  confined  to  the  upper  portion  of  the  watersheds  of  the 
several  branches  and  tributaries  of  the  Stanislaus,  Tuolumne, 
and  Merced  Rivers,  and  were  above  a  line  drawn  from  the  Big 
Ti  *ee  Grove  in  Calaveras  County  to  the  Big  Tree  Grove  in  Mari¬ 
posa  County.  The  party  engaged  on  this  survey  moved 
rapidly  through  this  region,  obtaining  information  as  to  the 
opportunities  for  storage,  and  definitely  surveying  and  locat¬ 
ing  the  sites  which  presented  the  most  favorable  conditions  for 
this  purpose.  The  work  resulted  in  definite  preliminary  sur¬ 
veys  of  only  the  best  storage  sites,  and  a  reconnaissance  of  the 
field  for  other  sites,  with  recommendations  as  to  their  survey 
at  a  future  time.  In  nearly  every  case  the  completed  Land 
Office  surveys  did  not  extend  to  the  sites  discovered,  but  the 
positions  of  these  have  been  closely  determined  by  a  projec¬ 
tion  of  the  land  lines  on  the  maps.  The  site  for  each  dam 
completed  was  marked  at  each  end  by  a  large  mound  of 
stones. 

The  general  route  of  the  party  was  up  the  North  Fork  of  the 
Stanislaus  River  to  Hermit  and  Highland  Valleys  on  the  sum¬ 
mit  of  the  Sierras,  thence  southerly  into  the  watershed  of  the 
Middle  Fork  of  the  Stanislaus  and  down  that  fork  to  a  point 
south  of  Dardanelle  Cone;  from  this  point  up  Relief  Valley 
Fork  through  Eureka  and  Relief  Valleys  to  near  the  summit  of 
the  Sierra  again,  and  crossing  between  Granite  Dome  and 
Crystal  Lake  down  into  the  watershed  of  the  South  Fork  of  the 
Stanislaus,  thence  into  the  Big  Canyon  Creek,  a  tributary  of 
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the  Tuolumne  River,  and  around  through  Bell’s  Meadows, 
Bear  and  Cherry  Valleys,  to  Lake  Eleanor  on  Eleanor  Creek. 
From  this  point  the  party  moved  into  the  Hetch-Hetchy  Valley 
of  the  Tuolumne  Canyon,  thence  out  to  Wade’s  Meadows  on 
the  south  and  over  the  divide  to  the  Big  Oak  Flat  road,  thence 
south  into  Little  Yosemite  Valley  on  the  watershed  of  the 
Merced  River.  From  this  point  they  moved  up  and  above  that 
valley  to  Lake  Tenaiya  and  over  into  the  headwaters  of  the 
Tuolumne  above  the  Grand  Canyon  to  the  neighborhood  of 
Tuolumne  Meadows  and  Soda  Springs  Valley.  Returning  from 
this  point  through  the  Yosemite  Valley,  the  party  came  back 
over  the  Big  Oak  Flat  road  and  by  a  lower  route  across  the 
Sierra  back  to  Sonora  and  out  to  the  point  of  departure  at 
Stockton.  In  the  course  of -this  general  route,  with  the  many 
side  trips  that  were  made,  the  surveys  and  reconnaissances 
mentioned  below  were  accomplished. 

The  work  of  this  reconnaissance  party  has  shown  that  the 
region  of  the  High  Sierras,  within  the  watershed  of  the  Tuo¬ 
lumne,  Stanislaus,  and  Merced  Rivers,  is  not  especially  favor¬ 
able  to  the  storage  of  water  in  large-  volumes.  Very  small 
reservoir  sites  exist,  but  comparatively  few  are  found  where 
storage  can  be  effected  with  notable  economy  and  in  encour¬ 
aging  amount.  The  watershed  of  the  Stanislaus  is  the  least 
favorable  in  this  regard,  while  that  of  the  Merced  is  the  most 
so  of  the  three  examined.  It  L  to  be  remembered,  however, 
that  the  work  of  the  party  was  not  intended  to  be  complete 
throughout  the  region  traversed. 

There  were  made  seven  finished  surveys  at  localities  whose 
relative  position  is  shown  on  PI.  lxxxvi  ;  four  instrumental 
reconnaissances  accompanied  by  sketch  maps ;  thirteen  locali¬ 
ties  examined  and  recommended  for  survey;  and  thirty  other 
localities  recorded  and  recommended  for  definite  reconnaissance 
preliminary  to  survey.  Large-scale  contour  maps  of  the  seven 
finished  surveys  have  been  completed  from  the  notes  and 
sketches  collected. 

The  topography  of  the  region  examined  by  this  mountain 
survey  party  is  very  similar  throughout  its  various  portions  in 
general  character,  elevations,  and  in  physiographic  features. 
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The  total  area  to  be  affected  by  the  investigations  of  this  party, 
how-ever,  includes  portions  of  the  State  differing  largely  in  their 
topographic  and  hydrographic  features. 

The  lands  to  be  irrigated  are  of  the  greatest  agricultural 
importance,  lying  on  the  western  edge  of  the  San  Joaquin  A  bai¬ 
ley,  where  the  country  is  nearly  level,  while  the. storage  sites 
are  to  be  found  high  among  the  headwaters.  The  upper  lines 
of  drainage  of  this  country  are  through  easy  slopes  and  valleys 
terminating  in  the  deep  and  rugged  canyons  of  the  main  rivers 
under  discussion. 

Eastward  of  this  belt  of  country  the  second  great  topographic 
feature  consists  of  a  more  regular  and  level  sloping  country, 
which  extends  from  the  foot  of  the  great  summit  peaks  of  the 
High  Sierra,  with  an  easy  incline  to  the  west.  This  region  has 
few  prominent  hills  in  it,  and  is  practically  a  great  flat  table¬ 
land  which  has  been  cut  and  eroded  by  the  innumerable  streams 
draining  it,  which  here  flow  far  beneath  the  general  surface 
level  in  deep  and  rugged  canyons.  In  this  region  the  canyons 
of  the  Stanislaus  and  Tuolumne  Rivers  reach  a  depth  of  several 
thousand  feet.  Yosemite  A7 alley  is  at  the  western  edge  of  this 
region,  at  the  bottom  of  a  broad  expanse  of  the  Merced  Canyon. 
The  soil  throughout  this  portion  of  the  Sierras  is  rather  deep, 
and  is  a  black  and  fruitful  loam  which  produces  an  abundant 
and  luxurious  growth  of  tall,  fine  timber  trees,  the  more  promi¬ 
nent  among  which  are  the  yellow  and  sugar  pine,  cedar,  and 
firs.  Few  valleys  or  meadows  of  any  kind  are  found  in  this 
region,  and  the  opportunities  for  water  storage  are  extremely 
limited. 

It  is  in  the  upper  portion  and  last  belt  of  the  Sierras  that  are 
found  the  many  natural  lakes,  swamps,  and  open  meadows 
which  will  furnish  the  sites  for  storage  reservoirs.  This  coun¬ 
try,  extending  from  the  upper  edge  of  the  level  timber  belt  just 
described,  at  an  elevation  of  about  5,000  feet,  eastward  to  the 
crest  of  the  High  Sierras,  consists  of  many  high  and  imposing 
mountain  masses  separated  by  broad  and  picturesque  valleys. 
Large  portions  of  these  mountain. peaks  are  above  the  timber 
line,  and  some  of  the  higher  reach  an  elevation  of  13,000  and 
14,000  feet  and  are  perpetually  snow-clad.  At  the  foot  of 
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these  are  numerous  glaciated  valleys,  terminating  frequently  in 
narrow  canyon  outlets  and  affording  the  reservoir  sites  which 
have  been  examined. 

The  water  stored  in  the  reservoirs  of  the  High  Sierras  which 
were  examined  and  surveyed  in  this  division  must  all  be 
returned  to  the  main  rivers,  down  which  it  will  take  its  course, 
frequently  from  150  to  200  miles,  to  the  San  Joaquin  Valley 
before  the  irrigable  lands  will  be  reached. 

Little  Yosemite. — This  site  (see  PI.  lxxxviii,  No.  7),  is  reached 
by  trail  6  miles  from  Yosemite  Valley  or  8  miles  from  Glacier 
Point.  Good  timber  is  abundant,  and  sufficient  loose  rock  can 
be  had  with  about  one-third  of  a  mile  haul  to  construct  the 
main  dam.  There  are  two  dams  required,  and  estimates  are 
given  for  heights  of  contour.  The  lower  of  these  dams  will  be 
115  feet  in  height  and  915  feet  long,  making  a  lake  of  862  acres, 
having  a  capacity  of  45,000  acre-feet. 

Lake  Tenaiya. — This  lake,  shown  on  PI.  lxxxix,  No.  8,  is  situ¬ 
ated  on  the  Tioga  toll  road,  distant  110  miles  from  Milton.  The 
watershed  is  about  11  square  miles.  The  dam  site,  is  nearly 
all  clean  granite,  with  a  foot  or  so  of  loam  in  places.  Stone 
will  be  quarried  from  either  end  of  the  dam.  Good  loamy 
soil  can  be  had  with  a  haul  of  1,000  feet.  The  main  dam 
is  725  feet  long;  a  lateral  dam  is  350  feet  long  and  35  feet 
high.  The  area  of  reservoir  PI.  xc,  will  be  597  acres  and  the 
capacity  23,000  acre-feet. 

Tuolumne  Meadows. — This  is  a-valley  (see  PL  lxxxix,  No.  9), 
on  the  Upper  Tuolumne  River,  about  15  miles  from  its  head¬ 
waters.  It  is  116  miles  from  Milton,  and  is  reached  by  the 
Tioga  wagon-road,  which  passes  through  the  valley.  Stone 
can  be  had  at  each  end  of  the  main  dam  by  quarrying ;  also 
from  the  sides,  but  below  the  level  of  the  dam.  Good  loamy 
soil  can  be  had  with  an  average  haul  of  1,700  feet. 

The  main  dam,  is  870  feet  long  and  75  feet  high.  There 
are  three  lateral  dams,  whose  dimensions  are,  respectively,  250 
feet  long  and  18  feet  high,  515  feet  long  and  65  feet  high,  and 
710  feet  long  and  45  feet  high.  The  area  of  the  reservoir  Pis. 
xcii  and  xcm,  is  1,081  acres  and  its  capacity  is  43,185  acre-feet. 

Lake  Eleanor. — Lake  Eleanor  (see  PL  xci,  No.  10),  is  one  of 
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the  best  reservoir  sites  in  the  region  examined,  the  watershed 
being  sufficient  to  till  the  proposed  reservoir  to  the  height  esti¬ 
mated  about  70  feet  above  low  water  in  the  lake.  The  lake  is 
reached  by  wagon  road  from  Milton  to  Lord’s  ranch,  via  Brad¬ 
ford’s  sawmill,  a  distance  of  62  miles,  and  thence  by  good  trail 
for  15  miles  farther.  The  trail  could  be  changed  into  a  passa¬ 
ble  wagon  road  at  a  trifling  cost,  thus  affording  direct  com¬ 
munication  with  Milton  by  wagon  road.  The  high-water  mark 
of  1862  is  still  visible  and  indicates  that  an  ample  waste  way 
must  be  provided. 

At  the  lower  dam  site  the  foundation  is  all  barren  granite, 
but  at  the  upper  dam  site  the  foundation  is  covered  in  many 
places  with  soil  and  trees  to  a  depth  of  about  3  feet.  At  the 
upper  dam  site,  by  a  haul  of  1,000  feet  from  above  it,  a  plenti¬ 
ful  supply  of  soil,  a  sandy  loam  in  character,  can  be  had.  Rock, 
which  in  all  cases  would  have  to  be  quarried,  can  be  most  easily 
obtained  from  the  left  bank  of  the  creek  at  the  upper  dam  site, 
and  from  the  sides  and  ends  of  the  dam  at  the  lower  site. 

Estimates  have  been  made  for  five  types  of  dams  to  150  and 
170  foot  contours  (low  water  in  the  lake  is  100  feet)  at  both 
the  upper  and  lower  dam  site.  Considering  at  this  time  but 
one  of  these  types,  it  is  estimated  that  a  dam  65  feet  high  and 
1,300  feet  long  will  make  a  reservoir  1,127  acres  in  area  and 
containing  45,770  acre-feet. 

Kennedy's  Meadow. — Kennedy’s  Meadow  (PI.  xci,  No.  1 1),  is 
situated  on  the  upper  waters  of  the  Middle  Fork  of  the  Stanislaus 
River,  is  60  miles  east  of  Sonora  and  2  miles  from  Baker’s  Sta¬ 
tion,  on  the  Mono  road.  Stone  can  be  had  from  each  end  of  the 
dam,  and  can  be  easily  quarried,  and  good  loamy  soil  can  be 
procured  by  a  haul  of  about  1,200  feet.  The  80-foot  contour 
affords  a  natural  spillway.  The  dam  site  is  now  inclosed,  and 
is  used  as  a  pasture.  A  dam  102  feet  high  and  410  feet  long 
will  impound  7,408  acre-feet  of  water. 

Kennedy's  Lake. — This  lake  (PI.  xci,  No.  1 2),  is  58  miles  eastfrom 
Sonora  to  Baker’s  Station  (on  Mono  road)  and  thence  1 1  miles 
by  trail  over  the  mountain  ridge.  The  foundation  is  detrital, 
probably  a  moraine.  Earth,  loose  rock,  brush,  and  bowlders 
are  plentiful.  The  work  consists  of  one  dam  900  feet  long  on 
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the  crest  and  31  feet  high,  making  a  reservoir  of  the  capacity 
of  2,000  acre-feet. 

Bear  Valley. — Blood’s  Station,  near  this  site  (PI.  xciv,  No.  13), 
is  sixty-eig'ht  miles  from  Milton,  on  the  Big'  Tree  and  Carson 
Valley  Turnpike.  The  work  proposed  at  this  place  consists  of 
one  main  dam  1,670  feet  long  on  the  crest,  with  a  maximum 
depth  of  55  feet,  and  two  side  dams,  one  300  feet  long  and  20 
feet  high,  the  other  240  feet  long  and  15  feet  high.  All  of  the 
foundations  are  of  solid  granite.  The  area  of  water  surface 
will  be  348  acres;  capacity,  6,917  acre-feet;  elevation  above 
sea,  6,911  feet. 

The  areas  reserved  for  the  above-mentioned  sites  are  described 
in  full  in  the  following  pages. 
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Section  31 . . 


All  of  the  NE.  i  ... 
NE.  i  of  the  NW.  | 


Section  32 ....  N.  £  of  the  N W.  \ 


160 

36*98 


Acres. 


222-37 

196-98 

80 


Part  of  Reservoir  in  Yosemite  Grant.— Lot  37. 


Projected  T.  2  S.,  R.  23  E. 


f  SW.  d  of  the  NE.  about .  20 

Section  30..  ^  SI  of  the  N W.  | .  80 

[All  of  the  SW.  about .  135 

-  235 


Projected  T.  2  S.,  R.  22  E. 


Acres.  Acres. 


Section  25 . .  < 


Section  26 . . 


Section  36 . . 


SW.  i  of  the  NE.  i . 

.  40 

All  of  the  SE.  | . 

. 160 

S.  |of  the  NW.  | . 

.  80 

N.  |  of  the  SW.  i . 

.  80 

SE.  i  of  the  SW.  i . 

.  40 

400 

SE.  i  of  the  NE.  | . 

.  40 

NE.  i  of  the  SE.  | . 

.  40 

80 

N.  |  of  the  NE.  \ . 

.  80 

NE.  i  of  the  NW.  \ . 

.  40 

120 

Total  area  segregated 


1,  694-35 


Tanaiya  Lake. — Reservoir  Site  No.  8. 


T.  IS.,  R.  23  E.,  Mount  Diablo  meridian. 


Section  15. 
Section  16. 


.W.  |of  the  SW.  i 


Acres. 

.  80 

j  E.  I  of  the  SE.  i .  80 

|  SW.  ±  of  the  SE.  | .  40 


(  SE.  i  of  the  S W.  i .  40 

Section  20. .  ■]  All  of  the  SE.  | .  160 

(  SE.  i  of  the  NE.  i .  40 


Acres. 


120 


240 
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f  All  of  the  NE.  i  ... 
Si  4  of  the  NW.  i . . 
NE.  1  of  the  NW.  i 
NW.  i  of  the  SE.  i 
W.  i  of  the  SW.  i  . 
NE.  i  of  the  SW.  i 


Section  21 . . 


Acres. 

160 

80 

40 

40 

80 

40 


Section  29 . . 


f  All  of  the  NW.  |  . . 
j  All  of  the  NE.  i  . . , 
j  All  of  the  SW.  i. . . 
NW.  i  of  the  SE.  i 


160 

160 

160 

40 


Acres. 


440 


520 


Total  area  segregated 


1,400 


Tuolumne  Meadows.— Reservoir  Site  No.  9. 


T.  1  S.,  R.  24  E.,  Mount  Diablo  meridian. 


Acres. 


Section  4. 

...W.  |of  the  SW.  i . 

f  Lot  No.  19  of  the  NW.  i . 

....  40 

Section  5. 

j  Lot  No.  18  of  the  NE.  ± . 

...  40 

1  All  of  the  SE.  i . 

.  . ..  160 

[  All  of  the  SW.  | . 

. . . .  160 

fLots  No.  11,  12,  13,  14,  19,  and 

20  of 

the  NW.  i . 

. ...  240 

Section  6 . 

•  Lots  No.  15  and  18  of  the  NE  . . 

. . . .  80 

I  All  of  theSW.  i . 

, . . .  160 

L  All  of  the  SE.  i . 

...  160 

Section  7. 

j  N.  1  of  the  NW.  i . 

. . . .  80 

‘  I  N.  |  of  the  NE.  i  . 

. .  .  .  80 

Section  8. 

j  N.  i  of  the  NW.  i . 

...  80 

'  \  N.  i  of  the  NE.  i . 

. . . .  80 

Section  9 . . . .  N W.  £  of  the  NW.  1 


Acres. 

80 


400 


640 

160 

160 

40 


T.  1  S.,  R.  23  E.,  Mount  Diablo  meridian, 
f  Lots  9,  16,  and  17  of  the  NE.  1 . 120 


Section  1. .  i  All  of  the  SE.  ^ .  160 

i  E.  i  of  the  SW.  i .  80 

- 360 


Section  12.  .NE.  \  of  the  NE.  \ 


40 


Total  area  segregated 


1,  880 
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Eleanor  Lake.— Reservoir  Site  No.  10. 


107 


Section  35, 


T.  2  N.,  R.  19  E.,  Mount 

Diablo  meridian. 

Acres. 

j  S.  |  of  the  SW.  h . 

.  80 

IS.  iof  the  SE.  ± . 

.  80 

fSE.  iof  the  NW.  i... 

.  80 

|  S.  i  of  the  NE.  k . 

.  80 

j  All  of  the  SE.  i . 

.  160 

E.  i  of  the  SW.  i . 

.  80 

.SW.  i  of  the  SW.  i. . . 

.  40 

f  S.  i  of  the  NW.  h . 

.  80 

j  All  of  the  NE.  i . 

.  160 

]  All  of  the  SW.  h . 

C  All  of  the  SE.  1 . 

.  160 

f  All  of  the  NW.  i . 

i  All  of  the  NE.  i . 

.  160 

L  All  of  the  SW.  i . 

T.  IN.,  R.  19  E.,  Mount  Diablo  meridian. 

(  All  of  the  NW.  i . 

.  157*52 

]  N.  £of  theNE.  i . 

.  73-22 

(  SW.  i  of  the  NE  |. . . . 

.  40- 

Total  area  segregated . . 

Kennedy's  Meadows. — Reservoir  Site  No.  11. 
T.  5  N.,  R.  20  E.,  Mount  Diablo  meridian. 


Acres. 


1G0 


440 


560 


480 


270- 84 


1,910-84 


Section  2 . . 

Section  11.. 


j  E.|of  theSW.  i. 
!SW.  i  of  the  SE.  i 

j  All  of  the  NE.  R. 

(  E.|of  the  NW.h 


Acres.  Acres. 

80 

40 

-  120 

160 

80 

-  240 


Total  area  segregated 


360 


168 
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Kennedy’s  Lake. — Reservoir  Site  No.  12. 

T.  5  N.,  R.  20  E.,  Mount  Diablo  meridian. 

Acres. 

Section  21 _ E.  d  of  the  SE.  1 . 

All  of  the  SW  d .  160 


Section  22 . . 


SW.  i  of  the  SE.  f. 


Section  27  i  N.  I  of  the  NW.  d 
Section  27..  (  ^  i  of  the  NE.  d- 


40 


80 

80 


Acres. 

80 


200 


160 


Total  area  segregated .  440 

Bear  Valley. — Reservoir  Site  No.  13. 

T.  7  N.  R.  18  E.,  Mount  Diablo  meridian. 


Section  18. 


Acres. 

All  of  the  NW.  1 .  160*  12 

All  of  the  NE.  1 .  160 

All  of  the  SW.  i .  160*36 

W.  |  of  the  SE.  d .  80 

NE.  d  of  the  SE.  i .  40 


Acres. 


cj  +*  io  j  N.  |  of  the  NW.  d-. 
Section  19 . .  \  *  * 

NW.  i  of  the  NE.  d 


80*24 

40 


600*  48 

120*24 


T.  7  N.,  R.  17  E.,  Mount  Diablo  meridian. 


Section  13. 


E.  d  of  the  SE.  4. 


80 


SE.  i  of  the  NE.  i .  40 

Section  24 ... .  NE.  d  of  the  NE.  d . 

Total  area  segregated . 


120 

40 


880*  72 


LAHONTAN  DIVISION. 

The  three  surveying*  parties  organized  for  field  work  in 
June,  1889,  by  Mr.  Lyman  Bridges  were  disposed  as  follows: 
The  first,  under  the  charge  of  Mr.  Francis  Bridges,  assistant 
engineer,  prosecuted  the  topographic  survey  of  Independence 
reservoir  site;  the  second  party,  under  the  charge  of  Mr.  L. 
H.  Shortt,  assistant  engineer,  made  preliminary  surveys  for 
canal  lines  from  the  lower  Truckee  River,  in  the  neighbor¬ 
hood  of  Wadsworth;  and  the  third  party,  in  charge  of  Mr. 
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George  A.  Brown,  assistant  engineer,  was  engaged  upon  the 
topographic  and  engineering  survey  of  the  Hope  Valley  reser¬ 
voir  site,  within  the  Carson  River  watershed. 

In  the  following  pages  is  given  a  brief  description  of  the 
surveys  which  have  been  completed  and  for  which  the  com¬ 
putations,  maps,  and  estimates  have  been  prepared.  The 
statements  ot  capacities  of  the  reservoirs  definitely  sur¬ 
veyed  and  of  the  length  and  heights  of  dams  are  to  be  con¬ 
sidered  as  preliminary  merely,  as  in  order  to  reach  definite 
conclusions  regarding  the  most  feasible  and  economical  sites 
it  will  be  necessary  to  complete  the  hydrographic  survey. 
Until  this  is  done  a  knowledge  of  the  quantities  of  water 
available  for  storage  and  of  capacity  and  economy  of  con¬ 
struction  can  not  be  reached. 

Tahoe  Tunnel.  Lake  Tahoe  is  the  greatest  natural  lake 
basin  of  the  Sierra  Nevada  range,  and  one  of  the  largest  lakes 
held  within  mountain  walls  at  a  high  altitude  on  the  American 
continent.  Its  maximum  length  is  22  J  miles  and  its  greatest 
width  13  miles.  Its  area  is  about  195  square  miles,  and  it 
is  at  an  altitude  of  about  6,225  feet.  Its  greatest  depth  is 
said  to  be  1,500  feet.  This  lake  has  a  tributary  watershed  of 
over  500  square  miles  (inclusive  of  its  own  surface),  constitut¬ 
ing  the  upper  portion  of  the  drainage  basin  of  the  Truckee, 
which  river  is  its  outlet  channel. 

Lying  parallel  to  and  east  of  the  Tahoe  Basin,  and  separated 
from  it  by  an  arm  of  the  Sierra  known  as  the  Tahoe  Range,  is 
the  main  upper  valley  of  the  Carson  River.  The  elevation  of 
this  plain  varies  between  4,600  and  4,850  feet  above  sea  level, 
oi  is  from  1,350  to  1,600  feet  lower  than  the  plane  of  Tahoe’s 
water  surface. 

■  The  Bahoe  tunnel  line  survey  was  made  for  the  purpose  of 
testing  the  feasibility  and  estimating  the  cost  of  piercing  the 
Tahoe  Range  by  a  tunnel  through  which  to  draw  water  from 
the  lake  for  use  in  Carson  and  other  valleys  through  which 
the  Carson  River  runs. 

By  the  contour  work  of  the  Topographic  Section  of  the 
Geological  Survey  the  range  was  found  to  be  narrowest  oppo¬ 
site  the  southeast  quarter  of  the  lake.  To  definitely  determine 


170  IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 

the  best  location  here  for  a  tunnel  line  two  trial  meander  lines 
were  run  over  the  mountain  from  the  lake  to  the  contour  20 
feet  below  the  elevation  of  the  lake’s  low-water  plane,  on  the 
east  face  of  the  range.  These  lines  determine  the  shortest 
direct  distance  through  from  Boundary  Bay  to  Haines  Creek 
Canyon  to  be  17,331  feet,  or  759  feet  less  than  from  Zephyr 
Cove  to  Genoa  Canyon.  This  difference  in  favor  of  the 
former  route,  together  with  other  advantages  as  to  outcome, 
led  to  its  adoption  for  further  examination.  Accordingly,  a 
direct  line  was  run  between  the  two  first-named  points,  and  by 
leveling  a  ground  profile  was  made  thereon.  The  following 
are  the  data  for  these  lines: 

The  Boundary  Bay  line  commenced  at  a  point  on  the  shore 
of  Lake  Tahoe  in  the  cove  known  as  Boundary  Bay,  at  the 
mouth  of  Small’s  Creek,  and  3,169  feet  north  of  the  California- 
Nevada  boundary  monument  (Yon  Schmidt  Survey),  on  Ne¬ 
vada  territory.  The  project  was  to  start  the  tunnel  grade  at 
a  plane  20  feet  below  the  lake’s  surface  as  found  at  that  time, 
which  was  nearly  the  lowest  water  ever  known.  A  fall  of  4 
feet  was  allowed  for  in  the  full  length  of  the  proposed  work. 
The  open  cutting,  4,200  feet  long,  was  projected  to  a  depth  of 
57  feet  at  its  heading,  before  the  tunnel  was  to  be  entered. 
Taking  the  surface  of  the  lake  at  6,225  feet  elevation,  the  sum- 
mit  of  the  range  to  be  cut  under  was  found  to  be  7,698  feet 
above  sea  level.  The  tunnel  grade  would  be  1,275  feet  below 
this  ridge  line.  The  open-cut  work,  it  was  anticipated,  would 
be  chiefly  in  soil,  the  tunnel  work  altogether  in  rock,  for  the 
most  part  probably  granite.  As  projected,  this  work  would 
debouch  into  Haines  Canyon  at  a  point  about  3  miles  from 
and  about  1,500  feet  above  its  opening  into  Carson  Valley. 

Tahoe  outlet  regulation  dam. — As  the  survey  first  mentioned 
was  made  for  the  purpose  of  studying  a  scheme  for  drawing 
the  water  of  Lake  Tahoe  to  a  lower  level  than  the  present, 
through  a  tunnel  into  Carson  Valley,  so  the  Tahoe  outlet  regu¬ 
lation  dam  survey  was  made  to  acquire  data  on  which  to  esti¬ 
mate  the  cost  of  holding  the  water  to  a  higher  level  than  the 
normal,  with  the  view  of  drawing  down  the  surplus  thus 
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impounded,  through  the  natural  outlet,  for  irrigation  of  the 
valleys  along  the  Truckee  River. 

d  he  intake  of  Truckee  River  from  Lake  Tahoe  is  about  a 
quarter  of  a  mile  from  Tahoe  City.  There  already  exists  a 
framed  timber  dam  in  this  channel  at  a  point  about  500  feet 
back  from  the  lake  shore  line,  which  is  owned  by  a  company 
claiming  the  right  to  use  waters  of  the  lake  for  flushing  logs 
down  Truckee  River  and  for  other  purposes.  This  dam  has 
three  open  ways,  closable  by  gates  and  flash  boards,  with  a 
floor  nearly  on  a  level  with  the  channel  grade,  and  with  11, 
12,  and  10  feet  clear  width,  respectively.  It  has  a  waste  way 
with  a  crest  75  feet  in  clear  length  and  6  feet  above  the  floor 
grade  of  the  open  ways. 

The  survey  was  made  July  19,  1889.  As  subsequently 
found,  the  waters  of  the  lake  afterward  fell  during  that  summer 
about  1*2  feet,  to  an  extreme  low  water  in  that  autumn.  At 
the  time  of  survey  the  waste-way  crest  of  the  existing  dam  was 
5  0d  teet  above  the  water  surface  of  the  lake.  The  survey  sec¬ 
tion  was  made  across  the  river  channel,  a  few  feet  above  the 
existing,  dam.  The  average  height  of  the  banks  of  the  lake 
and  river  adjoining  this  section  was  found  to  be  8 A  feet  above 
the  lake’s  surface  at  the  time  of  the  survey,  and  the  general 
elevation  of  the  channel  bed  was  2 '8  feet  below  the  same  water 
plane.  To  close  the  outlet  to  an  elevation  equal  to  that  of  the 
banks  would  require,  it  was  found,  a  dam  about  400  feet  long. 

As  afterward  ascertained  by  Mr.  Hall,  the  lowest  known 
water  plane  of  Tahoe  was  in  October,  1889,  when,  as  above 
mentioned,  the  surface  was  about  1*2  feet  lower  than  at  the 
time  of  the  survey  in  J uly  of  that  year.  The  highest  elevation 
of  the  lake’s  waters,  as  observed  at  Tahoe  City,  occurred  in 
the  spring  of  1886,  and  was  5‘3  to  5'5  feet  above  the  extreme 
low  water  of  1889.  The  high  water  of  1888  was  observed  on 
September  8  at  1*85  feet,  and  that  of  1889  was  observed  in  the 
early  spring  of  that  year  at  1-55  feet  above  the  same  datum. 
Ihe  High  water  of  the  spring  of  1890  has  been  very  nearly  up 
to  that  of  1886,  notwithstanding  the  fact  that  the  outlet  gates 
of  the  dam  remained  open  during  the  rising  period.  These 
data  are  grouped  here  to  afford  some  idea  of  the  problem  in 
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part  examined  by  this  survey.  No  survey  was  attempted  of 
the  Truckee  River  bed  as  the  outlet  channel  of  the  lake  with 
a  view  of  commanding  the  lake’s  waters  to  a  lower  depth  than 
the  natural  low-water  plane. 

Truckee  reservoir  site. — The  water-storage  scheme,  known  as 
the  Truckee  reservoir  project,  contemplated  a  dam  across  the 
Truckee  River  at  a  point  less  than  a  mile  above  the  town  of 
Truckee,  and  about  a  quarter  of  a  mile  below  the  outlet  of 
Donner  Lake  and  Cold  Creek  into  the  river. 

The  survey  consisted  of  meandering  a  level  contour  around 
the  proposed  reservoir  space  in  the  Truckee  River  canyon,  and 
making  a  cross-section  of  the  canyon  at  the  proposed  dam  site. 
The  contour  was  at  a  level  46  teet  below  the  high-water  plane 
of  Donner  Lake,  as  established  by  the  reservoir  survey  next 
described.  The  dam  section  extended  up  to  the  plane  of  the 
contour  only. 

A's  surveyed,  the  dam  for  this  reservoir  to  the  height  of  the 
contour  would  be  1,131  feet  in  length  and  70  feet  in  height 
above  the  bed  of  the  Truckee  River  where  crossed.  The  sur¬ 
veyed  contour  line  was  30,290  feet  in  length.  As  demonstrated 
by  this  survey,  water  would  be  backed  by  this  dam  up  Truckee 
Canyon  about  2§  miles  to  a  maximum  width  of  1,500  feet,  and 
would  cover  206  acres  in  area.  The  chief  waters  which  it 
would  impound  would  be  those  discharged  by  the  main  Truckee 
River.  Its  utility  is  a  little  doubtful,  as  the  work  performed 
by  it  may  be  done  by  the  utilization  of  Lake  Tahoe  as  a  stor¬ 
age  basin.  The  Truckee  reservoir  site,  however,  has  a  great 
advantage  over  Lake  Tahoe,  in  that  it  exposes  to  evaporation 
an  infinitely  smaller  surface,  and  if  it  is  shown  by  further 
investigation  to  be  necessary  to  conserve  the  waters  of  the 
main  Truckee,  this  will  probably  prove  the  most  economical 

reservoir  site  for  that  purpose. 

Truckee  canal  line. — Commencing  at  the  dam  site  for  the  pro¬ 
posed  Truckee  reservoir  as  last  above  described,  the  Truckee 
canal  line  survey  was  carried  out  on  the  south  side  of  the  rivei 
to  command  the  lands  of  Martis  V alley ,  situated  there,  and 
commencing  immediately  below  the  town  of  1  ruckee.  4  his 
canal  line  commenced  at  an  elevation  20  feet  below  the  top  of 
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the  proposed  high-water  plane  of  the  reservoir.  It  was  given 
a  fall  of  0‘4  per  1,000,  and  was  extended  to  a  length  of  74,400 
feet. 

Donner  Lake  reservoir  sites. — Donner  Lake,  whose  outlines 
are  shown  on  PI.  lxxxviii,  No.  4,  occupies  a  glacial  basin  lying 
close  under  the  main  crest  of  the  Sierra  Nevada  range,  and 
lengthwise  between  two  spurs  which  jut  eastward  therefrom. 
Its  ordinary  water  surface  is  nearly  3  miles  long,  has  a  nearly 
uniform  width  of  a  little  more  than  half  a  mile,  and  is  about 
6,095  feet  above  sea  level.  It  is  about  3  miles  west  of  the 
town  of  Truckee,  and  immediately  north  of  and  below  the 
line  of  the  Central  Pacific  Railroad  where  the  ascent  of  the 
Sierra  is  made  from  the  east. 

The  old  glacial  basin  of  Donner  Lake  extends  away  east¬ 
ward  beyond  the  limits  of  the  lake,  as  a  valley,  and  joins  the 
Truckee  River  valley  near- the  town  of  Truckee.  Cold  Creek 
Canyon  enters  the  Donner  Valley  three-fourths  of  a  mile- east 
of  the  east  end  of  the  lake,  and  joins  Donner  Creek,  the  lake’s 
overflow  channel,  which,  flowing  east  through  the  valley,  turns 
abruptly  to  the  south,  through  a  gap  in  one  of  the  ancient 
moraines,  to  join  the  river. 

One  project  for  the  utilization  of  Donner  Basin  contemplated 
the  closing  of  this  outlet  gap  by  a  high  dam,  and  of  the  main 
valley  opening,  between  the  intermediate  morainal  ridge  and 
the  northern  mountain  spur,  by  another  dam,  thus  forming  a 
reservoir  covering  the  entire  Donner  Valley  and  lake,  and  at 
the  same  time  the  opening  of  Cold  Creek  Valley. 

Another  project  contemplated  the  construction  of  a  long, 
low  dam  across  the  entire  valley,  following  the  location  of  a 
later  terminal  moraine  situated  about  half  a  mile  from  the 
lower  end  of  the  present  lake. 

The  total  length  o±  the  upper  contour  surveyed  was  61,190 
feet ;  the  length  of  the  basin  thus  inclosed  was  found  to  be 
about  5  J  miles,  and  the  width  generally  about  3,500  feet.  The 
total  area  inclosed  was  2,006  acres.  The  storage  space,  with¬ 
out  allowance  for  lowering  the  lake’s  surface  (which  might  be 
effected  to  decided  advantage),  has,  from  the  data  of  this  sur¬ 
vey,  been  estimated  at  42,827  acre-feet. 


174  IRRIGATION  SURVEY — SECOND  ANNUAL  REPORT. 


Taking1  the  Donner  Lake  basin  alone,  without  the  lower 
part  of  Donner  and  Cold  Creek  Valley,  the  length  of  the 
120-foot  contour  (20  feet  above  the  lake  surface)  was  found  to 
be  40,574  feet ;  the  length  of  the  reservoir  space  about  3  j 
miles;  and  the  width,  about  3,250  feet.  rlhe  area  thus  in¬ 
closed  was  1,337  acres,  and  the  storage  capacity  above  the 
lake’s  surface  is  found  to  be  22,205  acre-feet. 

Donner  reservoir  canal  line. — A  canal  line  survey  was  next 
made,  commencing  in  the  former  main  opening  of  the  Donner 
Basin,  north  of  the  intermediate  morainal  ridge  mentioned,  at 
the  site  of  the  proposed  dam  No.  2  of  the  Donner  Basin  reser¬ 
voir  scheme,  and  extending  around  north  of  the  town  of 
Truckee  to  command  lands  lying  between  Truckee  River  and 
Pi  ■osser  Creek. 

The  grade  elevation  of  the  head  of  this  canal  line  was  30 
feet  below  the  proposed  high-water  plane  of  the  projected 
reservoir.  The  grade  slope  allowed  for  in  the  survey  was  0  2 
per  thousand.  The  line  was  run  as  a  preliminary  to  Prosser 
Creek,  a  distance  of  about  29,000  feet. 

Independence  Lake  reservoir. — Independence  Lake  (see  PI. 
lxxxvii,  No.  2),  is  a  counterpart  of  Donner,  of  glacial  origin,  im¬ 
mediately  under  the  Sierra’s  crest  and  held  lengthwise  between 
high  mountain  spurs  jut  ing  out  at  right  angles  thereto.  The 
natural  dam  between  these  spurs,  which  forms  the  lake,  is 
plainly  an  old  moraine.  It  lies  9  miles  in  a  direct  line  a  little 
north  of  west  from  Donner. 

Its  ordinary  water  surface  is  about  2J>  miles  in  length,  some¬ 
what  less  than  half  a  mile  wide,  and  covers  an  area  of  about 
709  acres.  It  is  about  7,000  feet  above  sea  level.  Its  waters 
escape  by  Independence  Creek,  turn  northward,  and  become 
tributary  to  the  Little  Truckee,  a  main  branch  of  the  Truckee 
River. 

In  making  the  survey  of  this  reservoir  site,  the  elevation  of 
the  water  plane  of  the  lake  was  taken  at  15  feet,  because,  it 
would  seem,  it  was  proposed  to  cut  through  the  natural  dam 
and  draw  the  water  down  to  a  depth  much  lower  than  the 
natural  outlet.  The  dam  section  was  chosen  at  a  comparatively 
narrow  part  of  the  outlet  valley,  1,800  feet  beyond  the  end  of 
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the  lake,  and  where  the  bed  of  the  outlet  creek  was  12  feet 
below  the  water  plane  of  reference. 

The  margin  of  the  lake  and  a  contour  25  feet  above  its  plane 
were  meandered,  and  a  number  of  cross-sections  of  the  valley 
were  measured.  The  lake  contour  was  found  to  be  29,652  feet 
in  length,  and  the  upper  contour  38,061  feet.  The  reservoir 
space  inclosed  by  this  upper  contour  was  found  to  be  about  3  \ 
miles  long  and  2,500  feet  in  ordinary  width,  embracing  an  area 
of  984  acres.  From  the  base  of  the  dam  to  the  highest  contour 
(not  allowing  for  lowering  the  lake)  the  storage  space  thus  held 
is  23,707  acre-feet  in  volume. 

Webber  Lake  reservoir ,  (seePl.Lxxxvn,  No.  3). — About  7  miles 
north  of  west  from  Independence  Lake,  in  the  summit  valley  of 
the  famous  Henness  Pass  over  the  Sierra  Nevada  range,  at  an 
elevation  about  6,769  feet  above  the  sea,  lies  Webber  Lake, 
bordered  by  a  flat,  grass-grown  meadow.  The  Little  Truckee 
Liver  rises  west  of  the  main  range  behind  Independence  Lake, 
flows  north  about  10  miles  into  Webber  Lake,  and  then  turn¬ 
ing  eastward,  breaks  through  the  main  range. 

The  lake  is  nearly  round,  and  covers  an  area  of  about  233 
acres.  A  short  distance  below  the  canyon  narrows.  Surveys 
were  made  to  study  this  location  for  reservoir  purposes. 

The  margin  of  the  lake  and  a  contour  20  feet  above  it  were 
meandered  and  a  number  of  cross-sections  surveyed  between 
these  meanders.  The  upper  contour  was  39,706  feet  in  length; 
the  space  inclosed  by  it  was  about  9,000  feet  long,  ordinarily 
4,000  feet  wide,  and  contained  778  acres.  The  total  capacity 
for  storage  (not  allowing  for  lowering  the  lake)  has  been  esti¬ 
mated  at  11,152  acre-feet. 


Truckee  River,  to  be  diverted  for  irrigation  on  the  mesas 
about  and  below  the  town  of  Wadsworth. 

The  proposed  dam  site  was  4^  miles  above  Wadsworth,  on 
the  Big  Bend  of  the  Truckee  River,  and  the  line  extended 
across  from  the  grade  of  the  Central  Pacific  Railroad  to  a 
point  of  rocks  opposite  O’Brien’s.  The  survey  was  never  fin¬ 
ished,  but  afforded  the  following  information. 
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The  proposed  dam  would  be  about  1,000  feet  long  on  top, 
and  would  have  a  maximum  height  of  60  feet  above  the  bed  of 
the  river  where  crossed.  Thus  projected,  the  dam’s  crest  would 
be  86  feet  above  the  plane  of  the  railway  track  at  Wadsworth, 
4-6  feet  below  the  rails  at  the  site  of  the  dam,  and  would  back 
water  up  the  canyon  a  distance  of  about  3  miles.  The  reservoir 
space  would  be  long  and  narrow,  like  that  of  the  upper  Truckee, 
already  described. 

Lower  Truckee  reservoir  No.  2. — This  project  is  similar  to  that 
last  above  described,  the  dam  site  being  5|  miles  above  that  at 
O’Brien’s,  and  3|  miles  below  Clark’s  station  on  the  Central 
Pacific  Railroad.  The  length  of  the  dam  was  870  feet;  the 
height  above  the  river  bed,  50  feet ;  its  distance  below  the  plane 
of  the  railroad  track,  5  feet ;  and  above  the  top  of  the  projected 
dam  at  site  No.  1,  90  feet.  The  length  of  reservoir  space  was 
approximately  3  J  miles.  This  reservoir  would  also  be  narrow, 
and  not  of  large  capacity. 

Loiver  Truckee  canal  lines  No.  1,  A  and  B. — For  the  purpose 
of  studying  the  delivery  of  water  out  from  the  projected  Lower 
Truckee  reservoir  No.  1,  a  trial  line  for  a  canal  was  run  from 
its  dam  on  each  side  of  the  river,  to  certain  irrigable  plains  and 
mesas  below. 

The  north  side  line,  A,  commenced  at  an  elevation  15  feet 
below  the  top  of  the  dam,  and  was  run  on  a  grade  of  2  feet  in 
the  mile  for  a  length  of  30,800  feet.  It  was  then  found  that 
this  would  not  reach  the  larger  body  of  the  lands  desired  to  be 
commanded. 

The  south  side  line,  B,  also  began  at  an  elevation  15  feet 
below  the  top  of  the  dam.  It  was  given  a  grade  of  02  per  1,000 
and  was  extended  to  a  total  length  of  50,700  feet.  This  line 
was  located  along  the  mountain  face  which  comes  abruptly  to 
the  river  on  the  south  side.  The  design  was  to  reach  the  lands 
of  Warm  Spring  Valley,  5J  miles  below  Wadsworth,  and  the 
survey  ceased  at  the  commencement  of  that  valley. 

Lower  Truckee  canal  lines  No.  2,  A  andB. — These  lines  were 
run  for  the  study  of  canal  routes  for  the  delivery  ol  water  out 
of  Lower  Truckee  reservoir  No.  2.  The  main  line,  A,  com¬ 
menced  from  the  Clark’s  site  dam,  on  a  plane  a  tew  feet  below 
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its  crest,  and  followed  the  mountain  side  south  of  the  river  to 
a  point  just  above  Wadsworth,  and  thence  swung  around  to  the 
south,  commanding  a  wide  valley  and  mesa  country  east  of  the 
town  above  named.  It  was  laid  on  grades  of  1  and  1-5  feet 
per  mile,  and  was  surveyed,  as  a  preliminary,  for  a  distance  of 
90,000  feet  sufficiently  far  to  establish  the  fact  that  it  could 
be  carried  over  a  divide  known  as  Ragtown  Pass,  to  deliver 
water  in  an  arm  ot  Lower  Carson  Valley.  From  the  main  line 
the  branch  13  was  taken  off  just  below  the  O’Brien  dam  site. 
The  project  was  to  cross  the  river  by  pressure  pipes.  This  line 
was  carried  thence  a  distance  of  45,000  feet  on  a  grade  of  1  foot 
per  mile,  to  command  lands  on  the  high  plateau  north  of 
W  ads  worth. 

Long  Valley  reservoir  (PI.  cxiv,  No.  18).— The  Upper  Carson 
V alley  extends,  in  a  north  and  south  direction,  along  the  eastern 
base  of  the  Tahoe  ridge  of  the  Sierra  Nevada  Mountains.  The 
main  valley  is  about  14  miles  long  and  8  miles  in  width.  Join¬ 
ing  it  at  the  southern  end  are,  respectively,  the  valley  of  the 
West  Carson  and  the  canyon  of  the  East  Carson;  and  these 
are  separated  by  a  plateau  tongue  of  land  about  4  miles  in 
width.  Lengthwise  through  this  plateau  is  a  decided  depres¬ 
sion,  alternately  closing  to  the  form  of  a  canyon  and  thrice 
widening  into  well  formed  valleys  with  fine  expanses  of  tillable 
lands.  These  openings  are  known  successively  as  Diamond, 
Dutch,  and  Long  Valleys.  Through  them  and  the  joining  can¬ 
yons  flows  a  creek  which  heads  in  the  east  slope  of  the  mountain 
range  south  of  the  main  canyon  of  the  West  Fork  of  Carson 
River.  This  creek  escapes  from  Long  Valley,  the  lower  of  the 
trio,  into  the  East  Fork  of  the  Carson.  Waters  are  brought 
into  it  from  the  West  Fork  of  the  Carson,  over  a  low  divide  11 
miles  above,  for  purposes  of  irrigation  in  Diamond  and  Dutch 
Valleys.  Long  Valley  was  thought  to  present  a  favorable  loca¬ 
tion  for  storage,  even  though  it  would  have  to  be  supplied  with 
water  from  a  canal  out  of  one  of  the  forks  of  the  Carson. 
Accordingly,  it  was  surveyed  as  a  reservoir -site. 

This  site  consists  of  two  valleys  side  by  side  and  separated 
by  a  low  ridge.  A  canyon  holding  a  stream  bed  escapes  from 

each,  consequently  it  would  be  necessary  to  build  two  dams, 
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one  to  close  eacli  canyon  opening.  The  easternmost  of  these 
twin  valleys  is  Long  Valley  proper;  the  westernmost,  Spring- 
meyer’s  Valley.  Cross-sections  of  the  canyons  at  the  proposed 
dam  sites  were  surveyed;  the  top  contour  of  the  proposed  res¬ 
ervoir  space  was  meandered,  and  the  valleys  cross-sectioned. 

The  office  results  for  the  survey  of  this  reservoir  site  consist 
of  a  plat  drawn  to  a  scale  of  2,000  feet  to  the  inch,  showing 
a  contour  plan  of  the  site  surveyed  for  reservoir  purposes, 
including  the  site  already  occupied  by  the  Springmeyer  reser¬ 
voir,  together  with  the  locations  of  proposed  dams  to  effect  the 
water  storage. 

The  main  dam  at  Long  Valley  canyon  is  794  feet  long  and 
100  feet  maximum  height,  while  the  subsidiary  dam  at  Spring- 
meyer’s  Canyon  is  1,510  feet  long  and  60  feet  high  in  one 
place.  At  the  full-water  plane  the  Long  Valley  portion  of  the 
site  is  about  12,000  feet  long  and  2,200  feet  wide;  the  Spring¬ 
meyer  Valley  7,000  feet  long  and  2,300  feet  wide.  The  top 
contour  around  both  valleys  was  found  to  measure  43,159  feet, 
embracing  an  area  of  1,086  acres.  The  total  capacity  of  the 
site  as  a  whole  was  determined  to  be  34,425  acre-feet. 

The  diverting  weir  on  the  East  Fork  of  the  Carson  River  is 
431  feet  long  and  98  feet  high.  The  canal  to  deliver  water 
thence  into  Long  Valley  has  its  bed  at  a  place  5  feet  below  the 
full- water  plane  of  the  reservoir.  The  total  length  of  the  canal 
is  6,300  feet,  1,100  feet  of  which  would  be  a  tunnel  through 
soft  rock.  The  total  grade  slope  is  5  feet. 

Long  Valley  irrigation-canal  lines. — For  study  of  the  delivery 
of  waters  stored  in  Long  V alley  to  the  lands  of  Carson  Valley 
two  canal  surveys  were  made  from  the  Long  Valley  dam  site. 
The  west  side  line  commenced  at  a  plane  50  feet  below  the 
top  of  the  dam.  The  grade  was  0'5  per  1,000,  and  the  length 
surveyed  8,352  feet.  The  east  side  line  commenced  at  a  plane 
50  feet  below  the  top  of  the  dam.  The  grade  was  0'5  per 
1,000,  and  the  length  surveyed  10,397  feet.  The  crossing  of 
the  East  Carson  River  was  1,080  feet  long  and  the  head  of 
pressure  160  feet. 

The  west  side  project  was  for  the  delivery  of  water  on  the 
mesa  between  the  East  and  West  Carson  channels.  The  east 
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side  project  was  for  the  delivery  of  water  to  command  the 
highest  parts  of  the  “Twelve  Mile  Desert,”  lying  on  the  east 
side  of  the  main  valley.  This  latter  project  involved  a  cross¬ 
ing  ot  the  East  Carson  River  canyon  by  pressure  pipes  under 
the  160-foot  head,  as  shown  above. 

East  Carson  canal  lines. — F or  the  purpose  of  ascertaining  the 
feasibility  of  commanding  the  Carson  Valley  “Twelve  Mile 
Desert”  above  referred  to  by  a  work  taking  its  supply  imme¬ 
diately  from  the  East  Carson  River,  a  canal-line  survey  was 
made. 

A  diverting  dam  was  projected  at  a  point  about  3,300  feet 
by  the  river’s  course  below  the  location  of  the  tunnel  through 
to  Long  Valley  reservoir  from  the  canyon  described  above. 
Apparently  this  dam  was  intended  also  to  store  water  in  the 
canyon.  As  surveyed,  its  length  on  top  is  recorded  at  1,180 
feet;  its  height  is  134  feet. 

Commencing  on  the  west  bank  at  this  dam,  at  a  plane  50  feet 
below  the  dam  crest,  a  canal  grade  line  was  carried  down  the 
canyon  9,300  feet;  then  across  the  canyon  by  pipes  480  feet 
under  115  feet  of  pressure;  then  to  a  total  length  of  12,593  feet, 
making  one  other  canyon  crossing  of  290  feet  in  length  and  85 
feet  in  depth.  This  line  joined  the  Long  Valley  reservoir  east 
side  canal  line  at  a  point  just  east  of  its  crossing  of  the  East 
Carson;  and  its  continuation  thence  was  evidently  intended  to 
follow  the  former  described  line,  commanding  the  desert  lands 
above  referred  to. 

Long  Valley  supply-canal  line,  West  Carson. — A  special  survey 
was  made  for  a  site  at  which  to  locate  a  dam  for  the  diversion 
of  water  from  the  West  Carson  River,  with  the  view  to  delivery 
thence  by  canals,  as  follows :  The  site  was  chosen  at  a  point 
about  a  mile  above  Woodford’s,  and  the  dam  was  to  be  458 
feet  long  and  20  feet  in  height  above  the  river  bed.  Com¬ 
mencing  at  this  site,  the  line  extended  around  the  south  bank  of 
the  river  over  a  low  divide  and  across  the  head  of  Diamond 
Valley  to  the  creek  heretofore  spoken  of  as  flowing  through 
Long  Valley.  The  intention  of  the  projected  canal  was  to 
supply  water  to  the  Long  Valley  reservoir. 

Long  Valley  reservoir  supply-canal ,  East  Carson. — For  the 
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purpose  of  studying-  the  matter  of  diverting-  water,  first,  for  the 
supply  of  the  Long  Valley  reservoir,  and  second,  for  irrigation 
of  the  east  side  of  the  main  Carson  Valley,  a  chain  and  level 
survey  was  made  of  the  East  Fork  of  Carson  River  for  a  length 
of  several  miles.  With  a  view  to  supplying  water  for  storage 
in  Long  Valley  a  canal  line  survey  was  made  out  of  the  East 
Fork  of  Carson  River  to  the  head  of  that  valley.  This  canal 
line  commenced  at  an  elevation  5  feet  below  the  top  of  the 
diversion  weir.  The  grade  was  0’5  per  1,000  and  the  length 
of  the  line  10,400  feet. 

West  Carson  canal  line. — This  survey  was  made  for  the  pur¬ 
pose  of  taking  the  waters  of  the  West  Carson  around  the  base 
of  the  mountain  northward,  to  command  the  lands  on  the 
western  side  of  the  Upper  Carson  Valley.  Diversion  was  to 
be  made  at  the  diversion  weir  above  spoken  of.  The  line  com¬ 
menced  on  a  plane  5  feet  below  the  top  of  the  diverting  weir; 
the  grade  thence  was  0'5  per  1,000  and  the  length  26,300  feet. 

Hope  Valley  reservoir  survey. — Lying  in  a  north  and  south 
direction,  between  two  parallel  ridges  of  the  Sierras,  just  about 
at  the  junction  of  the  Tahoe  range  with  the  main  range  ot 
the  Sierras,  is  one  of  the  largest  summit  valleys  of  the  Sierra 
Nevadas.  It  commences  about  10  miles  from  the  southern  end 
of  Lake  Tahoe  at  an  elevation  of  7,050  feet  above  the  sea,  or 
850  feet  above  the  lake,  and  extends  southerly  nearly  10  miles. 
It  is  separated  into  two  somewhat  distinct  parts  by  a  low  rocky 
ridge,  lying  across  the  general  direction  of  the  valley. 

The  lower  division  of  this  great  depression  is  known  as  Hope 
Valley;  the  upper  division,  as  Faith  Valley.  The  waters  of 
the  West  Carson  River  drain  the  mountain  slopes  above  and 
around  these  valleys;  the  main  channel  winds  northerly  and 
longitudinally  through  them,  and  near  the  north  end  of  Hope 
Valley  turns  abruptly  to  the  east  and  plunges  headlong  through 
a  deep  rock-bound  canyon  down  to  the  main  valley,  already 
described. 

At  first  glance  Hope  Valley  seems  to  present  an  exception¬ 
ally  favorable  opportunity  for  water  storage;  so  a  survey  was 
made  to  test  its  capacity  and  the  question  of  cost  of  dam.  As 
projected  to  a  height  of  153  feet  above  the  bed  of  the  creek  in 
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the  line  of  the  site,  the  dam  would  be  1,560  feet  in  length. 
The  top  contour  was  meandered  and  the  valley  cross-sectioned, 
the  total  length  of  the  meander  being  62,762  feet.  The  length 
ot  the  reservoir  space  thus  inclosed  is  4^  miles  5  ordinary 
width,  3,500  feet;  area,  1,803  acres;  and  holding  capacity, 
4,129,923,600  cubic  feet,  or  94,810  acre-feet. 


Lahontan  system,. 

Independence  Lake. — Reservoir  Site  No.  2. 

T.  19  N. ,  R.  15  E.,  Mount  Diablo  meridian,  California. 


Section  33 - SE.  4  of  the  SE.  4 

Acres. 

(  S.  4  of  the  NE.  4 . 

....  80 

Section  34. .  <  All  of  the  SE.  4 

(  S.  4  of  the  SW.  4 . 

80 

Section  35. .  -j  ^ie  NW.  4 . 

1  All  of  the  SW.  4 . 

Section 


Section 


T.  18  N.,  R.  15  E.,  Mount  Diablo  meridian. 
2 - NW.  4  of  the  NW.  4 . 


f  N.  4  of  the  NE.  4... 
J  SW.  i  of  the  NE.  4. 

'  j  All  of  the  NW.  4. . . 
I  NW.  i  of  the  S W.  4 


80 

40 

160 

40 


Section 


Section 

Section 

Section 


'All  of  the  NE.  4 .  160 

N.  4  of  the  SE.  4 .  80 

a  j  SW.  4  of  the  SE.  4 .  40 

‘ ' 1  S.  4  of  the  NW.  4 .  80 

NE.  4  of  the  NW.  4 .  40-50 

.  All  of  the  S  W.  4 .  160 


5. .  .  .SE.  4  of  the  SE.  4 

8.. ..  All  of  the  NE.  4  . 

9 - N.  4  of  the  NW.  4 


Acres. 

40 


320 

320 

40-31 


320 


560-50 

40 

160 

80 


Total  area  segregated 


1,880-81 


Webber  Lake. — Reservoir  Site  No.  3. 

T.  19  N.,  R.  14  E.,  Mount  Diablo  meridian. 


Section  20  . . 
Section  21  . . 


Acres.  Acres. 

SE.  4  of  the  SE.  4 .  40 

S.  4  of  the  SW.  4 .  80 

SW.  4  of  the  SE.  4 .  40 


120 
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Acres. 


f  All  of  the  NW.  i .  160 

All  of  the  NE.  i .  1G0 

Section  28  . .  <  All  of  the  SW.  \ .  100 

I  W.  i  of  the  SE.  i .  80 

1  NE.  i  of  the  SE.  i  . .  40 


i  E.  i  of  the  NE.  \ .  80 

Section  29  . .  \  E.  of  the  SE.  £ .  80 

(  SW.  i  of  the  SE.  i .  40 


(  E.  £  of  the  N  W.  i .  80 

Section  32  . .  •<  All  of  the  NE.  \ .  160 

(  N.  i  of  the  SE.  i .  80 


Section  33 


'  W.  i  of  the  NW.  i .  80 

NE.  I  of  the  NW.  i .  40 

'  NW.  i  of  the  SW.  \ .  40 

NW.  j  of  the  NE.  i .  40 


Acres. 


600 


200 


320 


200 


Total  area  segregated 


1,480 


Donner  Lake. — Reservoir  Site  No.  4. 


T.  17  N.,  It.  16  E.,  Mount  Diablo  meridian. 


Acres. 

Section  7 . SW.  £  of  the  SW.  \ . 


Section  16 ... .  Entire  section . 

Section  17 _ Entire  section . 

'  All  of  the  NE.  % .  160 

All  of  the  NW.  i .  160 

Section  18  . .  <  All  of  the  SE.  i .  160 

E.  i  of  the  SW.  i .  80 

NW.  i  of  the  SW.  t .  40 


T.  17  N.,  R.  15  E. 


Section  13 . . 
Section  14 . . 

Section  15  . . 


Entire  section . 

Entire  section . . 

SE.  i  of  the  NE.  i .  40 

All  of  the  SE.  i .  160 


Acres. 

34*75 

640 

640 


600 

640 

640 


200 


Total  area  segregated 


3,394*75 


Springmeyer  Reservoirs  Nos.  3  or  17. — Long  Valley  Reservoir  No.  18. 


T.  12  N.,  R.  20  E.,  Mount  Diablo  meridian. 


Section  34 . . 


j  SE.  i  of  the  NE.  ± 
l  All  of  the  SE.  i. . . 


40 

160 


200 
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Section  35 


Acres.  Acres. 

j  SW.  £  of  the  NW.  f . :  40 

(  W.  i  of  the  SW.  i .  80 

- 120 


T.  11  1ST.,  R.  20  E.,  Mount  Diablo  meridian. 


Section 

2... 

.W.  |  of  the  NW.  i . 

f  All  of  the  NE.  ± . 

.  159-74 

Section 

3..  < 

All  of  the  SE.  i . 

j  All  of  the  NW.  i . 

,  All  of  the  SE.  i . 

r  NE.  iof  the  NET . 

.  39-15 

Section 

4. A 

S.  |  of  the  NE.  i . 

.  80 

1  All  of  the  SE.  i . 

Section 

9... 

.All  of  the  NE.  f . 

f  All  of  the  NE.  i . 

Section 

10..  < 

NW.  i  of  the  SE.  i . 

.  40 

N.  4  of  the  NW.  4 . 

.  80 

i  SE.  i  of  the  NW.  i . 

80*20 


638-32 


279*15 

160 


320 


Total  area  segregated 


UTAH. 


1,797-67 


In  Utah,  in  addition  to  the  general  reconnaissance  of  the 
storage  facilities  at  the  headwaters  of  the  Sevier  River  and 
other  streams,  a  careful  survey  was  made  of  Utah  Lake.  This 
survey,  run  by  level  and  transit  around  the  lake,  was  for  the 
purpose  of  determining  the  area  which  would  be  covered  by 
damming  or  holding  back  the  flood  water.  A  description  of 
the  location  and  physical  features  of  this  body  of  water  is  to 
be  found  in  this  report  under  the  head  of  Hydrography,  and  it 
will  suffice  to  state  here  that  after  a  careful  study  it  was  found 
that,  on  account  of  the  excessive  evaporation  from  such  an 
enormous  surface,  the  lake  was  too  large  to  act  in  an  econom¬ 
ical  manner  as  a  storage  reservoir.  O11  the  other  hand,  while 
it  may  not  be  advisable  to  hold  back  the  water  to  a  point  above 
that  of  the  average  height,  yet  there  is  sufficient  evidence  to 
show  that  natural  forces  at  times  may  raise  the  water  level  and 
increase  the  area  to  abnormal  proportions  by  backing  water 
over  the  great  fringing  marshes  on  the  east  and  south.  This 
land  being,  therefore,  the  natural  flood  ground  of  the  lake. 
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should  be  reserved  up  to  the  liigh-water  line.  Accordingly, 
the  segregation,  as  shown  on  PL  xcv  and  given  in  the  following 
lists,  was  made  to  include  not  only  the  bed  but  the  lowlands 
up  to  mean  high  water. 

Utah  Lake  Reservoir  System 
T.  5  S.,  R.  1  W.,  Salt  Lake  meridian. 


Acres. 

Section  23 ... .  All  of  the  E.  4 . . .  320 

Section  24 _ Entire  section .  640 

Section  25 _ Entire  section .  640 

Section  35. . .  .All  of  the  E.  4 .  320 

Section  36 _ Entire  section .  640 


T.  6  S.,  R.  1  W. 

160 
320 

-  480 

...  160 

T.  7  S.,  R.  1  W. 


0  , .  1  (  All  of  the  NW.  4 

Section  1  •  •  (  AH  of  the  E.  4  •  • 

Section  12 ... .  All  of  the  NE.  4 


Section  13. . .  .All  of  the  SE.  4 .  160 

Section  23. . .  .All  of  the  SE.  4 .  160 

Section  24 _ Entire  section .  640 

Section  25 _ Entire  section . 640 

Section  26 _ Entire  section .  640 

Section  34 _ All  of  the  E.  4 .  320 

Section  35 ... .  Entire  section .  640 

Section  36 _ Entire  section .  640 

T.  8  S.,  R.  1  W. 

Section  1 . .  . .  Entire  section . .  640 

Section  2 _ Entire  section .  640 

Section  3 _ Entire  section . 640 

Section  4 . . . .  All  of  the  E.  4 .  320 

Section  9 . .  . .  All  of  the  E.  4 .  320 

Section  10 _ Entire  section .  640 

Section  11 _ Entire  section .  640 

Section  12 _ Entire  section .  640 

Section  13  . . .  Entire  section . 640 

Section  14 _ Entire  section .  640 

Section  15 _ Entire  section .  640 
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Section  16. 
Section  22. 


,A11  of  the  E.  i 


j  All  of  the  NW. 
I  All  of  the  E. 


JL 

4 


Section  23 ... .  Entire  section . 

Section  24 _ Entire  section . 

Section  25 ... .  Entire  section . 

Section  26 ... .  Entire  section . 

Section  27 _ All  of  the  E.  } 

Section  34 _ All  of  the  E.  \ 

Section  35 ... .  Entire  section . 
Section  36 ... .  Entire  section . 


T.  9  S.,  R.  1  W. 

Section  1 . . . ,  Entire  section . 

Section  2 _ Entire  section . 

Section  3 _ All  of  the  SE.  { . 

Section  10. . .  .All  of  the  E.  \ . 

Section  11 _ Entire  section . 

Section  12. . .  .Entire  section . 

Section  13 _ Entire  section . 

Section  14 ... .  Entire  section . 

Section  15. . .  .Entire  section . 

Section  22. .  .  .All  of  the  E.  i . 

Section  23 ... .  Entire  section . 

Section  24 ... .  Entire  section . 

Section  26 _ All  of  the  N.  \ . 

Section  27 _ All  of  the  NE.  \ . 

T.  5  S.,  R.  1  E. 


Section  19 . .  .  .All  of  the  S.  1  . . 
Section  20 ... .  All  of  the  S.  i  . . 
Section  21 ... .  All  of  the  S.  i  . . 
Section  26 ... .  All  of  the  S  W.  i 
Section  27 ... .  Entire  section . . . 
Section  28 ... .  Entire  section . . . 
Section  29 ... .  Entire  section . . . 
Section  30 ... .  Entire  section . . . 
Section  31 ... .  Entire  section . . . 
Section  32 ... .  Entire  section . . . 
Section  33 ... .  Entire  section . . . 
Section  34 ... .  Entire  section . . . 
Section  35 ... .  Entire  section . . . 
Section  36 ... .  Entire  section 


Acres. 


320 


160 

320 


480 

640 

640 

640 

640 

320 

320 

640 

640 


640 

640 

160 

320 

640 

640 

640 

640 

640 

320 

640 

640 

320 

160 


320 

320 

320 

160 

640 

640 

640 

640 

640 

640 

640 

640 

640 

640 
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T.  6  S.,  R.  1  E. 

Acres. 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
...  640 
160 
320 

-  480 


Section  19. . . .  All  of  tlie  NE.  £ .  160 

Section  20 _ Entire  section .  640 

Section  21 . . .  .Entire  section .  640 

Section  22 ... .  Entire  section .  640 

Section  23 ... .  Entire  section .  640 

Section  24 ... .  Entire  section .  640 

Section  25 _ Entire  section .  640 

Section  26 ... .  Entire  section . . .  640 

Section  27 ... .  Entire  section .  640 

Section  28 ... .  Entire  section .  640 

Section  29 ... .  Entire  section .  640 

Section  32 ... .  Entire  section .  640 

Section  33 _ Entire  section .  640 

Section  34 ... .  Entire  section .  640 

Section  35 _ Entire  section .  640 

Section  36 ... .  Entire  section .  640 

T.  7  S.,  R.  1  E. 

Section  1 _ Entire  section .  640 

Section  2 . . . .  Entire  section .  640 

Section  3 _ Entire  section . .  640 

Section  4 . . . .  Entire  section .  640 

Section  5 . . . .  Entire  section .  640 

Section  6. . .  .All  of  tlie  SE.  i .  160 


Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section  10. 
Section  11. 
Section  12. 
Section  13. 
Section  14. 
Section  15. 
Section  16 
Section  17. 

Section  18. 


. .  Entire  section 
.  .Entire  section. . . . 

. .  Entire  section _ 

. .  Entire  section  . . . , 
. .  Entire  section . . . . 
. .  Entire  section 
. .  Entire  section 

. .  Entire  section _ 

. .  Entire  section 
. .  Entire  section 
. .  Entire  section 
. .  Entire  section 

. .  Entire  section _ 

. .  Entire  section 
. .  Entire  section 
. .  Entire  section 

. .  Entire  section _ 

j  All  of  the  NW.  i 
I  All  of  the  E.  i. . . 
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Acres 

Section  7 . . . .  All  of  the  E.  ^ .  320 

Section  8 . . . .  Entire  section .  040 

Section  9 . . . .  Entire  section  . 040 

Section  10 ... .  Entire  section .  040 

Section  11. . .  .Entire  section .  040 

Section  12 ... .  Entire  section .  040 

Section  13 _ Entire  section .  040 

Section  14 - Entire  section .  040 

Section  15. . .  .Entire  section .  040 

Section  16. ..  .Entire  section .  040 

Section  17 ... .  Entire  section .  040 

Section  18. . .  .Entire  section .  040 

Section  19 ... .  Entire  section .  040 

Section  20 ... .  Entire  section . 040 

Section  21 ... .  Entire  section .  040 

Section  22 ... .  Entire  section .  040 

Section  23 ... .  Entire  section . 640 

Section  24 _ Entire  section .  040 

Section  25 _ Entire  section . 040 

Section  26 _ Entire  section .  040 

Section  27 _ Entire  section .  040 

Section  28 _ Entire  section .  040 

Section  29 _ Entire  section .  040 

Section  30 ... .  Entire  section .  040 

Section  31. ..  .Entire  section .  040 

Section  32 ... .  Entire  section .  040 

Section  33 _ Entire  section .  040 

Section  34. ..  .Entire  section .  040 

Section  35 ... .  Entire  section .  040 

Section  36 _ Entire  section .  640 

T.  8  S.,  R.  1  E. 

Section  1 . . . .  Entire  section .  640 

Section  2 . . . .  Entire  section .  640 

Section  3 . . . .  Entire  section .  640 

Section  4 . . .  .Entire  section .  640 

Section  5 . .  .  Entire  section .  640 

Section  6 _ Entire  section .  640 

Section  7 - Entire  section .  640 

Section  8. . .  .Entire  section .  640 

Section  9 . . . .  Entire  section .  640 

Section  10 _ All  of  the  N.  £  .  320 

Section  11 ... .  Entire  section . 640 

Section  12 - Entire  section .  640 

Section  13 - Entire  section . 640 

Section  14. . .  .Entire  section .  640 
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Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 


Section 

Section 

Section 

Section 

Section 

Section 

Section 


Section 


Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 

Section 


Section 

Section 

Section 

Section 

Section 


Acres. 

1G _ All  of  the  NW.  \ .  160 

17 .. . .  Entire  section .  640 

18 .. . .  Entire  section .  640 

19 .. . .  Entire  section .  640 

20 .. . .  Entire  section .  640 

23 .. . .  All  of  the  N.  £ .  320 

24. .  .  .All  of  the  1ST.  % . . .  320 

29 .. . .  All  of  the  W.  ^ .  320 

30 .. . .  Entire  section .  640 

31 .. . .  Entire  section .  640 

32 .. . .  All  of  the  W.  | .  320 

T.  9  S.,  R.  1  E. 

5  _ All  of  the  W.  % . 320 

6  _ Entire  section .  640 

7  _ Entire  section .  640 

17  _ All  of  the  W.  1 .  320 

18  _ Entire  section .  640 

19 .. . .  Entire  section . 640 

20 .. . .  Entire  section .  640 

T.  5  S.,  R.  2  E. 

31 _ All  of  the  S.  | .  320 

T.  6  S.,  R.  2  E. 

6 . .  . .  Entire  section . .  640 

7 . .  . .  Entire  section .  640 

18 .. . .  Entire  section .  640 

19  _ Entire  section .  640 

20.. ..  All  of  the  S.  4 .  320 

28.. .. All  of  the  SW.  ± .  160 

29 .. . .  Entire  section .  640 

30 .. . .  Entire  section .  640 

31 .. . .  Entire  section .  640 

32 .. . .  Entire  section .  640 

oo  j  All  of  the  NW.  i .  160 

“  \  All  of  the  S.  i .  320 

-  480 

T.  7  S.,  R.  2  E. 

3  _ All  of  the  W.  \ .  320 

4  _ Entire  section .  640 

5  _ Entire  section .  640 

6  - Entire  section .  640 

7. .  .  .Entire ^section. . . .  640 
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Acres. 


Section  8 . , 

. . .  Entire  section . . . 

Section  9 . , 

. . .  Entire  section . 

Section  10 . . 

j  All  of  the  NW.i . 

.  160 

}  All  of  the  S.  i . 

.  320 

-  480 

Section  13 . . 

. .  Entire  section . 

Section  14. . 

. .  Entire  section . 

Section  15.. 

. .  Entire  section . 

Section  16.. 

. .  Entire  section . 

Section  17.. 

.  .Entire  section . 

Section  18 . . 

. .  Entire  section . 

Section  19 . . 

. .  Entire  section . 

Section  20 . . 

.  .Entire  section . 

Section  21 . . 

. .  Entire  section . 

Section  22 . . 

. .  Entire  section . 

Section  23 . . 

. .  Entire  section . 

Section  24.. 

. .  Entire  section . 

Section  25 . . 

. .  Entire  section . 

Section  26 . . 

. .  Entire  section . . . 

Section  27. . 

. .  Entire  section . 

Section  28 . . 

. .  Entire  section . 

Section  29 . . 

. .  Entire  section . 

Section  30 . . 

. .  Entire  section . 

Section  31 . . 

. .  Entire  section . 

Section  32 . . 

. .  Entire  section . 

Section  33 . . 

. .  Entire  section . 

Section  34 . . 

. .  Entire  section . 

Section  35 . . 

. .  Entire  section . 

Section  36 . . 

. .  Entire  section .  . 

T.  8  S.,  R.  2  E. 

Section  4 . . 

.  .All  of  theN.  i . 

Section  5 . . 

. .  Entire  section . 

Section  6 . . 

. .  Entire  section . 

Section  7 . . 

. .  Entire  section . 

Section  8.. 

..All  of  the  W.  i . 

T.  7  S.,  R.  3  E. 

Section  18.. 

. .  Entire  section . . 

Section  19 . . 

. .  Entire  section . . . 

Section  20 . . , 

. .  All  of  the  W.  4 . 

Section  30. 


\  All  of  the  NE.  h .  160 

(  All  of  the  W.  i . . .  320 


Total  area  segregated,  125,  440  acres. 
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SNAKE  RIVER  DIVISION. 

Mr.  A.  I).  Foote,  division  engineer,  was  assigned  to  the 
charge  of  this  division,  and  commenced  field  work  in  June, 
1889.  He  immediately  organized  a  party  under  the  charge  of 
Mr.  A.  W.  Wiley,  assistant  engineer,  and  began  the  work  of 
surveying  canal  lines  to  be  diverted  from  the  Snake  River 
below  Eagle  Rock.  Mr.  Wiley  was  engaged  on  the  field  and 
office  work  connected  with  these  surveys  until  March  14, 1890, 
when  he  resigned.  On  the  same  day  Mr.  F.  J.  Mills  was 
engaged  as  assistant  engineer,  and  continued  the  survey  of  the 
Snake  River  canal  lines  until  the  end  of  August,  1890,  at  the 
close  of  the  irrigation  surveys. 

After  starting  Mr.  Wiley’s  party  in  July,  1889,  Mr.  Foote 
undertook  a  personal  reconnaissance  on  the  headwaters  of  the 
Snake  in  search  of  reservoir  sites.  (See  PI.  xcvi.)  In  the  per¬ 
formance  of  this  work  he  examined  the  South  Fork  of  the  Snake 
River,  on  which  he  found  the  Swan  Valley  reservoir  site,  which 
has  a  storage  capacity  of  about  1,500,000  acre-feet.  Higher 
up,  near  the  head  of  the  same  fork,  at  Jackson’s  Lake,  a  second 
reservoir  site  with  a  capacity  of  500,000  acre-feet  was  discov¬ 
ered.  On  the  Falls  River  branch  of  the  North  Fork,  the  Falls 
River  reservoir  site,  with  a  capacity  of  500,000  acre-feet,  was 
discovered,  and  a  preliminary  examination  of  it  made.  Mr. 
Foote  reports  that  there  is  a  possibility  of  finding  one  or  two 
other  reservoir  sites  on  the  South  Fork  or  its  tributaries,  but 
that  in  all  probability  these  will  be  unnecessary,  since  the  large 
sites  just  described  will  doubtless  prove  capable  of  storing  all 
the  water  available. 

Swan  Valley  is  of  dimensions  so  enormous  that  it  can  prob¬ 
ably  be  made  into  one  of  the  largest  reservoirs  in  the  United 
States.  It  is  about  8  miles  long  by  4  miles  wide,  and  very 
level.  Through  the  center  of  it  the  Snake  River  winds  with  a 
slow  velocity  and  very  slight  fall.  The  walls  bounding  it  are 
steep  and  high,  and  the  outlet  is  a  narrow  gorge  with  perpen¬ 
dicular  rock  sides  and  a  rock  bottom.  A  dam  can  easily  be 
constructed  across  it  100  feet  in  height  if  necessary.  Into  this 
valley  the  drainage  of  nearly  the  entire  South  Fork  of  the 
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Snake  River  passes.  From  the  reconnaissance  it  is  found  that 
the  area  of  this  valley  averages  32  square  miles, in  which  water 
can  be  impounded  to  a  depth  of  100  feet,  and  about  25  square 
miles  to  a  depth  of  50  feet.  A  loose  rock  dam  125  feet  in 
.  height  will  store  all  the  water  entering  this  valley,  thus  avoid¬ 
ing  the  expense  of  constructing  a  masonry  dam.  Immediately 
above  Swan  Valley  is  another  reservoir  site  of  nearly  equal 
capacity;  and  without  examining  in  detail  Mr.  Foote  is  of 
opinion  that  several  good  sites  can  be  found  on  this  river 
between  Swan  Valley  and  Jackson’s  Lake. 

The  Swan  Valley  dam,  for  holding  back  a  million  and  a  half 
acre-feet,  is  in  such  a  position  as  to  avoid  the  necessity  of  build¬ 
ing  a  waste  weir.  Raising  the  water  will  cause  the  surplus  to 
flow  over  a  low  granite-bound  gap  to  one  side  of  the  present 
channel,  thus  affording  a  natural  waste  weir.  By  this  favorable 
location  the  cost  of  the  dam,  although  large,  will  not  exceed 
33  J  cents  per  acre-foot.  This  valley  has  a  watershed  of  about 
5,365  square  miles,  the  run-off  of  which  is  at  least  4,000,000 
acre-feet. 

Jackson’s  Lake,  with  a  watershed  of  about  840  square  miles, 
the  run-off  of  which  is  not  less  than  9,000,000  acre-feet,  would 
need  a  dam  only  about  20  feet  in  height  to  impound  500,000 
acre-feet.  Such  a  dam  will  not  cost  more  than  20  cents  per 
acre-foot.  The  Falls  River  reservoir  site  is  also  favorable, 
and  the  dam  should  not  cost  over  20  cents  per  acre-foot. 

The  surveys  for  the  Pocatello  Canal  line  include  a  canal 
to  be  diverted  from  the  Snake  River  at  Eagle  Rock.  This 
was  surveyed  for  a  distance  of  100  miles,  in  the  course  of 
which  it  crossed  the  Blackfoot  River,  and  farther  on  the  Port- 
neuf  River  at  Pocatello,  finally  terminating  and  tailing  into  the 
Snake  River  above  American  Falls.  It  was  intended  that 
this  canal  should  have  at  its  head  a  bed  width  of  50  feet,  with 
a  depth  of  7^  feet  of  water.  At  this  point  its  calculated  velocity 
of  flow  was  3 '4 6  second-feet,  and  its  discharge  was  estimated 
to  be  1,492  second-feet.  This  canal,  if  built,  will  command 
216,400  acres  of  arable  land,  all  of  which  has  excellent  soil. 

Two  canal  lines  were  surveyed  from  the  American  Falls,  on 
the  Snake  River,  the  first  or  lower  one  having  a  total  length 
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of  13  miles  of  surveyed  line,  after  which  it  was  abandoned  as 
impracticable,  owing-  to  the  difficulties  of  construction  encoun¬ 
tered.  The  object  of  both  these  canals  was  to  irrigate  the 
plains  and  valleys  adjacent  to  Raft  River  and  Goose  Creek. 
The  arbitrary  size  assumed  for  the  lower  canal  was  60  feet  * 
bed  width  and  10  feet  depth  of  water,  with  a  slope  of  0‘3  of  a 
foot  per  1,000. 

After  the  abandonment  of  this  line  the  upper  American  Falls 
survey  was  commenced  at  a  point  15  miles  east  of  the  falls,  on 
Bannock  Creek.  rI  his  canal  was  to  catch  the  tail  water  of 
Pocatello  Canal,  thus  obtaining  a  higher  line  in  hopes  that  it 
would  reach  the  lands  above  referred  to.  After  17  miles  of 
this  canal  had  been  surveyed  it  was  discontinued  because  of 
the  difficulties  of  construction  encountered. 

Toward  the  close  of  the  same  year  Mr.  Wiley  commenced 
the  survey  of  a  canal  to  be  diverted  from  the  north  side  of  the 
Snake  River,  heading  a  little  below  Eagle  Rock.  Owing  to 
the  lateness  ol  the  season,  this  canal  survey  was  made  for  a 
short  distance  only,  and  work  was  discontinued  for  the  year. 
Early  in  1890  the  work  was  again  taken  up  by  Mr.  Mills,  and 
main  and  trial  lines  run  with  a  view  to  carrying  the  water 
onto  the  Snake  River  desert,  north  and  west  of  the  Snake 
River.  It  was  hoped  to  cross  a  ridge  extending  between  Big 
and  Pillar  Buttes,  but  this  proved  impracticable.  This  line 
as  ultimately  designed  will  cover  an  area  of  at  least  600,000 
acres  of  good  arable  land. 

During  the  spring  and  summer  of  1890  Mr.  Mills  also  made 
surveys  for  two  canals  from  Minidoka  Ferry,  one  to  irrigate 
the  lands  on  the  south  side  of  the  river  in  the  neighborhood  of 
Goose  Creek  and  Bruneau  Plains,  and  the  other  from  the 
north  side  with  the  intention  of  commanding  the  country 
around  Shoshone.  Surveys  were  also  made  for  a  canal  diverted 
from  the  Snake  River  at  Salmon  Falls,  and  one  to  utilize  the 
water  of  the  Big  Springs  for  the  purpose  of  irrigating  the  tract  of 
land  in  the  neighborhood  of  Mountain  Home.  These  latter  sur¬ 
veys,  however,  produced  only  negative  results,  as  they  showed 
the  canals  contemplated  to  be  too  expensive  construction. 

The  topography  of  this  great  valley,  from  the  mouth  of  the 
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Weiser  River  to  the  confluence  of  the  Teton,  some  500  miles, 
presents  three  great  plains  of  inclination.  The  upper  one, 
from  the  Teton  to  the  American  Falls,  descends  at  an  average 
rate  of  .6  feet  per  mile,  the  second  from  the  American  Falls 
•to  Glenn’s  Ferry  at  an  average  of  14  feet,  and  the  third  to 
the  Weiser  at  the  average  fall  of  4  feet  per  mile.  Across  the 
whole  valley,  from  foothill  to  foothill,  at  the  American  Falls, 
there  is  a  dike  of  very  hard  volcanic  rock,  over  which  the  river 
has  cut  for  itself  a  weir,  and  at  once  descends  with  a  drop  of 
about  50  feet,  again  dropping  at  the  Twin  Falls  90  feet,  and 
-at  the  great  Shoshone  Falls,  3  miles  below  Twin  Falls,  it 
leaps  over  a  cascade  of  310  feet  in  height. 

It  is  the  surface  of  the  river  and  not  the  valley  that  shows 
4he  break  of  grade  at  these  points.  Above  the  American 
Falls  the  valley  lands  are  not  much  higher  than  the  river. 
Below  the  American  Falls  the  river  runs  continuously  in  a 
canyon  of  variable  depth,  but  always  too  deep  to  be  tapped 
for  irrigating  the  high  plains  of  Cassia,  Owyhee,  Elmore,  and 
Logan  Counties.  Thus  it  is  seen  that  any  canal  for  purposes 
of  irrigating  this  plain  must  be  diverted  from  the  river  before 
it  enters  the  deeper  portions  of  this  canyon. 

The  bottom  of  the  basin  or  valley  proper  has  an  area  of 
about  15,000,000  acres.  This  valley,  once  a  lake,  is  now 
covered  with  one  vast  sheet  of  lava,  great  fields  of  which  are 
still  as  black  and  rugged  as  when  first  cooled,  while  other  por¬ 
tions  have  by  decomposition  changed  into  smooth  fertile  lands. 
So  strong  and  persistent  is  this  lava  field  that  for  400  miles 
along  the  valley  not  a  stream  of  any  kind  has  been  able  to 
force  its  way  across  it  into  the  Snake  River. 

The  Snake  River,  heading  in  the  Teton,  Wind  River,  and 
Green  River  Mountains,  at  the  eastern  end  of  the  basin,  flows 
westward  on  top  of  the  lava  for  the  first  100  miles  after  enter¬ 
ing  the  valley,  and  then  at  the  American  Falls  has  cut  a  deep 
channel  into  the  lava  and  continues  like  a  mighty  canal  for  the 
greater  part  of  its  course  to  the  Columbia  River.  The  Snake 
River  forms  the  central  axis  of  the  whole  drainage  system  of 
the  valley,  and  into  it  all  the  waters  from  the  surrounding 
mountains  eventually  find  their  way. 

11  GEOL.,  PT.  2 - 13 
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CANAL  SURVEYS. 

At  the  beginning  of  the  season  there  were  few  or  no  data 
obtainable  to  guide  Mr.  Foote  in  the  solution  of  the  irrigation 
problems  presented  by  the  Snake  River  Valley.  It  was  evi¬ 
dent  that  the  greatest  economy  in  the  use  of  the  water,  as 
well  as  the  cheapest  system  of  canals,  required  that  the  water 
should  be  diverted  first  by  canals  heading  at  or  near  the 
entrance  of  the  river  into  the  plains,  and  be  afterward  again 
diverted  lower  down  at  such  points  as  would  make  no  canal 
too  long,  and  would,  at  the  same  time,  make  each  canal  sup¬ 
plement  the  canal  above  and  catch  the  drainage  from  it. 

Realizing  also  that  there  was  probably  much  more  land  in 
the  valley  than  the  uncontrolled  flow  of  the  Snake  River 
would  irrigate,  rapid  reconnaissances  of  the  headwaters  of  the 
river  were  made  for  the  purpose  of  locating  and  describing 
such  sites  as  appeared  favorable  for  the  economical  storage  of 
water. 

The  examination  ot  the  valley  with  reference  to  irrigated 
and  irrigable  lands  was  also  necessary  in  order  to  locate  the 
canal  lines,  considering  the  main  valley  as  beginning  where 
the  South  Fork  enters  it.  The  Eagle  Rock  and  Willow  Creek 
Canal  Company  have  their  headworks  at  the  ideal  point  for 
the  complete  and  proper  irrigation  of  their  portion  of  the 
valley,  and  it  is  hoped  that  this  canal  may  be  enlarged  and  so 
managed  as  to  carry  out  its  proper  mission. 

With  this  view  a  canal  line,  called  the  Pocatello  line,  was 
run  from  a  point  on  the  river  favorable  for  diversion,  2  miles 
below  Eagle  Rock,  which  would  supplement  the  above-named 
canal  and  cover  all  the  lands  in  the  valley  on  the  south  and 
east  side  of  the  river  above  the  American  Falls,  diverting  on 
its  way  the  waters  of  the  Blackfoot  and  Portneuf  Rivers. 
The  Idaho  Canal  Company  is  now  practically  carrying  out 
this  plan  by  constructing  a  canal  to  embrace  the  same  area, 
though  it  takes  its  water  from  the  river  a  few  miles  above. 

The  object  of  the  survey  of  the  Pocatello  canal  line  was  to 
determine  the  feasibility  of  irrigating  certain  desert  lands  on 
the  south  side  of  the  Snake  River,  in  the  southern  half  of 
Bingham  County,  Idaho. 
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As  the  large  tract  of  desert  land  south  of  the  junction  of 
the  North  and  South  Forks  of  the  Snake  River  is  already  irri¬ 
gated  or  capable  of  irrigation  as  far  south  as  the  town  of  Eagle 
Rock  by  canals  already  completed  or  in  process  of  construc¬ 
tion,  the  survey  was  started  at  a  point  on  the  Snake  River  about 
I2  miles  south  of  the  town  ot  Eagle  Rock,  in  the  southeast 
quarter  of  the  southwest  quarter  of  Sec.  25,  T,  2  N.,  R.  37  E. 
of  Boise  meridian,  at  an  exceptionally  favorable  site  for  the 
location  of  headworks  for  the  diversion  of  the  waters  of  the 
Snake  River, 

These  headworks,  as  at  present  planned,  will  consist  of  a 
rock-fill  dam,  185  feet  long,  with  a  maximum  height  above  the 
bed  of  the  river  of  55  teet,  and  a  waste  weir  of  masonry  about 
900  feet  in  length,  with  a  maximum  height  of  15  feet.  The 
cross-section  adopted  for  the  first  section  canal,  on  the  south 
side  of  the  river,  has  a  bottom  width  of  50  feet,  side  slopes  of  1 
to  1,  and  a  water  depth  of  7.]-  feet. 

The  elevation  of  the  bottom  of  the  canal  at  the  headgates 
is  4,717  feet.  The  grade  rate  is  03  of  a  foot  per  1,000  feet. 
This  gives  a  calculated  velocity  of  3’46  feet  per  second,  and 
a  discharge  of  1,492  second-feet.  For  the  first  mile  of  its 
course  the  canal  will  follow  the  bank  of  the  river  closely,  with 
a  cut  about  12  feet  in  depth.  From  there  on  it  continues 
very  nearly  at  grade  to  the  crossing  of  the  Utah  and  Northern 
Railway,  whence  it  continues  through  a  very  level  country 
until  the  Blackfoot  River  is  reached,  at  the  twentieth  mile. 

The  Blackfoot  River,  which  the  canal  line  follows  for  the  next 
1G  miles  of  its  course,  has  an  average  width  of  50  feet,  with 
banks  8  feet  high,  and  an  average  fall  of  5‘6  feet  per  mile. 

No  improvements  will  be  needed  in  the  river  bed  to  make  it 
capable  of  carrying  the  water  of  the  canal.  The  velocity  of 
flow  due  to  the  fall  of  5-6  feet  per  mile  will  be  checked  by  the 
very  crooked  channel,  while  the  banks  are  protected  from 
erosion  by  a  dense  growth  of  willows,  and  the  river  bed  is 
formed  of  a  very  stiff  clay. 

The  canal  leaves  the  river  at  a  point  about  3  miles  southeast 
of  the  town  of  Blackfoot  and  3 8  A  miles  by  the  line  from  the 
head  of  the  canal  on  Snake  River.  The  diversion  of  the  canal 
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from  the  Blackfoot  will  be  effected  by  a  masonry  weir  across 
the  river,  connected  by  earth  dikes  with  the  high  ground  on 
each  side  of  the  river. 

The  line  now  follows  the  base  of  the  Portneuf  Range  upon 
a  favorable  grade,  crossing  Ross  Creek  without  much  difficulty, 
whence  it  continues  on  an  almost  perfect  grade  line  through  a 
part  of  the  cultivated  lands  of  the  Fort  Hall  Indian  Reservation. 
This  favorable  country  continues,  with  only  occasional  trifling 
excavations  or  tills,  until  it  finally  reaches  the  town  site  of 
Pocatello,  where  it  drops  over  a  lava  bench  into  the  Portneuf 
River,  making  a  fall  of  14  feet  between  the  bottom  of  the  canal 
and  the  river  bed.  The  Portneuf  River  at  this  point  is  a  stream 
about  50  feet  wide,  with  banks  8  feet  in  height.  The  canal  will 
follow  the  Portneuf  River,  and  so  avoid  an  independent  cross¬ 
ing  of  the  Oregon  Short  Line  Railway,  which  bridges  the  river, 
and  will  then  be  diverted  from  the  Portneuf  by  a  masonry  weir 
across  the  river.  The  last  section  of  the  canal  is  in  favorable 
country,  encountering  little  or  no  heavy  earthwork. 

•The  line  from  Pocatello  to  Dry  Gulch  is  not  high  enough  to 
follow  the  base  of  the  foothills,  and  leaves  uncovered  a  strip  of 
land  between  the  canal  and  the  foothills  amounting  to  about 
18,000  acres.  This  land  can  be  covered  only  by  a  small  canal 
taken  out  of  the  Portneuf  River  some  miles  above  the  point 
where  the  present  line  leaves  it. 

Between  the  head  of  the  canal  and  the  Blackfoot  River 
are  74,480  acres  of  land  beneath  the  canal ;  between  the 
Blackfoot  and  the  Portneuf  Rivers  are  107,200  acres,  and 
between  the  Portneuf  and  the  American  Falls  there  are  34,720 
acres,  making  a  total  of  216,400  acres  of  reclaimable  land,  all 
of  which  has  an  exceptionally  fine  soil. 

Of  this  land,  about  141,000  acres  are  on  the  Fort  Hall  Indian 
Reservation,  and  the  remaining  75,400  only  are  open  to  settle¬ 
ment. 

It  was  very  important  to  continue  this  system,  if  possible, 
by  diverting  the  water  again  at  the  American  Falls.  After  the 
two  surveys  above  referred  to  were  made,  it  was  found  that 
the  cost  would  be  prohibitory,  and  the  plan  of  irrigating  the 
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rich  lands  of  Marsh  and  Goose  Creek  Valleys  with  water 
derived  from  this  source  was  reluctantly  abandoned. 

A  point  half  a  mile  above  the  Minnidoka  Ferry  was  next 
selected  as  a  canal  head,  and  a  line  run  on  the  south  side  of  the 
river  as  far  as  Cottonwood  Creek.  This  line  was  run  for  a 
distance  of  35  miles,  crossing  Goose  Creek  Valley.  The  object 
of  running  this  canal  was  to  ascertain  if  it  were  feasible  to  cross 
a  high  sand  ridge  on  the  west  side  of  Marsh  Creek  near  the 
river.  As  this  was  found  possible,  there  will  be  no  difficulty 
in  covering  a  tract  of  half  a  million  acres,  and  possibly  more 
than  that,  on  the  south  side  of  the  valley.  With  this  line  com¬ 
pleted,  the  south  side  of  the  main  river  has  been  thoroughly 
explored,  as  there  is  no  further  opportunity  for  diversion  lower 
down  the  river. 

On  the  north  side  of  the  main  river  a  canal  line  was  run  from 
an  excellent  weir  site  2  miles  below  Eagle  Rock,  by  means  of 
which  water  could  be  diverted  to  supply  this  and  the  Pocatello 
Canal.  This  canal  line  covers  about  250,000  acres  of  good 
land  above  the  American  Falls.  When  projected  it  was  hoped 
that  it  might  be  run  farther  to  the  northward  and  thus  cover 
much  more  land  before  getting  opposite  the  falls;  but  it  was 
found  that  a  range  of  extinct  volcanoes  extended  between  Pillar 
and  Big  Buttes,  thus  barring  its  progress  in  a  westerly  direc¬ 
tion.  These  cones,  which  are  not  shown  on  the  maps  of  the 
country,  rise  from  5,000  to  7,000  feet,  with  extremely  flat 
slopes,  and  are  the  center  from  which  extended  the  great  lava 
flow  covering  the  Snake  River  plains.  They  form  a  mass 
of  rugged,  undecomposed  lava,  which  is  utterly  sterile. 

The  canal  line  skirts  the  edg'e  of  this  lava  field,  crossing  the 
Oregon  Short  Line  Railway  about  4  miles  west  of  American 
Falls,  and  recrossing  it  about  10  miles  farther  on,  turning  to 
the  northward  and  reaching  the  Little  Wood  River  about  15 
miles  north  of  Shoshone.  The  country  covered  by  this  canal 
line  consists  almost  entirely  of  excellent  land.  The  area 
covered  above  the  American  Falls  amounts  to  about  250,000 
acres;  that  below  the  American  Falls  amounts  to  nearly 
1,000,000  acres,  of  which  600,000  acres  are  of  excellent  quality 
for  cultivation.  The  great  length  of  the  canal  lines  to  cover 
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this  lower  land  (about  220  miles)  is  the  most  serious  objection 
to  this  line. 

A  line  was  run  from  the  north  side  of  Minnidoka  Ferry,  head¬ 
ing*  at  the  same  point  as  the  South  Minnidoka  Canal,  with  the 
intention  of  covering  a  great  portion  of  the  land  below  the 
lower  end  of  the  Snake  River  Canal,  thus  doing  away  with 
the  great  length  of  that  line  and  permitting  its  cross-section  to 
be  reduced.  It  was  expected  that  this  canal  could  be  extended 
to  cover  the  land  as  far  as  Shoshone  and  Mountain  House. 
Unfortunately  this  line  was  found  impracticable,  owing  to  the 
great  expense  which  would  be  incurred  in  its  construction. 

The  line  left  the  river  most  favorably,  but  was  not  high 
enough  to  keep  far  away  from  it.  It  worked  to  the  northward 
and  commanded  about  100,000  acres  of  good  land  above 
Starrh’s  Ferry.  But  at  4  miles  below  this  point  the  line 
returned  to  the  river  bank  and  extended  along  the  lava  wall 
of  the  canyon  for  nearly  4  miles,  involving  work  that  would 
cost  as  much  as  $150,000  per  mile.  After  4  miles  of  this  can¬ 
yon  work  the  line  again  left  the  river  and  extended  toward 
Shoshone  in  a  reasonably  direct  manner,  but  the  country 
encountered  was  rolling  lava,  with  little  earth  over  it,  thus 
making  a  necessarily  expensive  line.  After  running  some  35 
miles  through  this  country  the  line  was  decided  to  be  impossi¬ 
ble  and  was  abandoned. 

A  short  distance  above  the  Salmon  Falls  of  the  Snake  River 
a  mass  of  water  bursts  from  the  canyon  wall  on  the  north  side 
and  falls  150  feet  into  the  river.  These  “Big  Springs,”  as  they 
are  called,  issue  from  a  horizontal  fissure  between  two  layers 
of  lava  about  150  feet  below  the  crest  of  the  wall.  The  aggre¬ 
gate  amount  of  water  thus  discharged  into  the  river  within  a 
distance  of  one-fourth  of  a  mile  is  about  4,000  second-feet. 
The  different  outlets  through  which  this  water  issues  are  scat¬ 
tered  irregularly  along  the  bluff,  but  on  the  same  level,  for  a 
distance  of  about  one-fourth  of  a  mile,  though  smaller  jets 
issue  from  the  bluff  at  intervals  for  several  miles. 

By  aneroid  connected  with  the  railroad  elevations  at  Bliss, 
the  elevation  of  the  outlet  appeared  to  be  about  3,000  feet, 
while  the  railroad  station  at  Mountain  Home  is  3,145  feet  in 
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elevation.  As  about  75  miles  of  canal  would  be  required  to 
conduct  this  water  to  the  neighborhood  of  Mountain  Home,  it 
was  considered,  provided  the  aneroid  elevations  were  correct, 
that  the  source  of  supply  was  not  sufficiently  high  for  the 
purpose  desired. 

In  order  to  verify  these  observations,  the  party  which  had 
been  conducting  the  Minnidoka  Canal  surveys  under  Mr. 
Mills  was  moved  early  in  August,  1890,  to  this  point,  with  the 
intention  of  making  a  canal  survey.  The  line  was  run  from 
the  Big  Outlet  down  the  river,  with  the  hope  of  getting  it 
back  over  the  bluffs  within  a  reasonable  distance.  About  25 
miles  of  line  were  run  to  a  point  opposite  Bliss,  and  a  con¬ 
nection  was  made  with  railroad  levels.  This  showed  that  line 
to  be  231 2  leet  below  the  track  at  Bliss,  thus  proving  beyond 
a  doubt  that  a  continuation  of  the  line  was  useless. 

It  is  possible  that  a  method  of  pumping  a  portion  of  this 
water  by  the  aid  of  the  power  obtained  by  the  150  feet  of  fall 
which  it  has  may  at  some  time  be  devised,  thus  providing  a 
supply  for  a  portion  of  the  land  adjacent  to  it.  The  water  issu¬ 
ing  from  these  springs  is  wonderfully  clear  and  pure,  and  is 
reported  to  be  of  a  uniform  temperature  throughout  the  year. 
It  is  evident  that  these  great  springs  are  the  outlet  of  a  system 
of  under-laval  channels  and  lakes,  formed  by  drainage  of  that 
vast  tract  of  desert  and  mountain  country  to  the  north  and 
east,  which  for  thousands  of  miles  along  the  river  shows  no 
signs  of  water.  In  the  survey  of  the  canal  line,  a  small  hole 
or  lake  of  pure  living  water  was  discovered  near  Wapi  and 
within  100  feet  of  the  canal  line  level.  It  is  reported  by  the 
stockmen  as  being  of  enormous  depth  and  having  an  unchang¬ 
ing  surface  level.  It  is  not  impossible  that  this  lake  forms  a 
portion  of  the  underground  reservoir  system  which  supplies 
the  Big  Springs. 

The  water  supply  for  all  the  foregoing  main  Snake  River 


system  is  as  follows: 

Acre-feet. 

J  ackson  Lake  reservoir  site,  capacity .  500,  000 

Swan  Valley  reservoir  site,  capacity .  1,500,000 

South  F ork  and  Main  Snake  Rivers,  capacity  for  100  days .  850,  000 


Total . .  2,850,000 
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The  area  to  be  irrigated  in  this  system,  not  including  the 
Mountain  Home  tract,  is  about  1,730,000  acres,  which  would 
thus  have  a  water  supply  sufficient  for  nearly  18  inches  in 
depth  over  its  entire  surface  in  100  days. 

The  accompanying  map  gives  an  idea  of  the  amount  of  land 
developed  by  Irrigation  Surveys  only  in  the  main  system, 
and  does  not  include  the  Mountain  Home  tract  or  the  area 
covered  by  private  surveys. 
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Statement  before  the  Committee  on  Irrigation  of  the  House  of  Repre¬ 
sentatives. 

Committee  on  Irrigation,  February  27,  1890. 

The  committee  met  pursuant  to  adjournment. 

STATEMENT  OF  MAJ.  J.  W.  POWELL,  DIRECTOR  OF  THE  U.  S.  GEOLOG¬ 
ICAL  SURVEY. 

Maj.  Powell  addressed  the  committee  as  follows: 

Mr.  Chairman  and  gentlemen  of  the  committee,  I  have  on  the  wall  before  you  a 
map  (see  PI.  lxvii)  of  the  western  portion  of  the  United  States,  on  which  is  exhib¬ 
ited  an  outline  of  the  area  in  which  irrigation  is  necessary.  The  eastern  border  of 
the  region  is  marked  by  a  red  line,  as  you  see,  which  runs  across  the  country  near 
the  100th  meridian,  but  is  irregular.  The  western  boundary  is  still  more  irregular. 
The  mountains  aie  so  formed  and  the  currents  of  the  Pacific  are  of  such  a  nature 
that  much  moisture  is  drifted  into  this  northern  country  and  the  boundary  is  pushed 
farther  eastward.  Within  the  lines  on  the  map  there  is  a  total  area  of  1,340,000 
square  miles,  but  that  does  not  include  all  the  area  where  irrigation  is  or  should  be 
used,  and  where  it  must  be  practiced  in  the  near  future.  There  is  a  doubtful  belt 
of  2  or  3  degrees  in  width  on  the  east  side  of  the  line,  which  I  have  heretofore  in 
my  writings  called  the  subhumid  region,  where  irrigation  is  practiced  to  some 
extent.  In  some  years  there  is  sufficient  rainfall  to  warrant  the  planting  of  crops 
and  agriculture  is  successful,  but  from  time  to  time  seasons  come  in  which  there  is 
no  rainfall,  and  crops  are  cut  off  and  disaster  comes  to  the  people;  so  they  are 
beginning  now  to  resort  to  irrigation  100  or  200  miles  beyond  or  east  of  this  line. 

The  two  lines  include  a  region  where,  except  little  places  on  the  mountains,  agri¬ 
culture  is  practically  impossible  year  by  year  without  irrigation.  Then  there  is  a 
subhumid  region  on  the  west  where  agriculture  i ;  sustained  without  artificial  means 
some  seasons  and  other  seasons  not.  If  we  incl  ude  all  the  area  where  agriculture 
is  dependent  in  whole  or  in  part  on  irrigation  one-half  the  area  of  the  United  States, 
exclusive  of  Alaska,  would  be  embraced  therein.  The  map  further  shows  the 
extent  to  which  irrigation  has  been  practiced.  Such  areas  are  colored  blue,  and 
are  scattered  about  the  map,  so  that  it  will  be  seen  that  the  question  of  irrigation 
is  no  longer  one  of  uncertainty — it  is  no  longer  a  theory;  but  large  areas  are  irri¬ 
gated,  aggregating  in  all  about  8,000,000  acres,  scattered  variously  throughout  the 
States  and  Territories  embraced  in  these  lines.  The  larger  part  of  that  irrigation 
is  dependent  upon  the  utilization  of  the  small  streams — creeks  and  small  rivers — 
and  to  some  slight  extent  upon  artesian  waters  and  to  a  very  small  extent  upon 
pumps  taking  the  water  from  wells  which  do  not  overflow  and  are  not  artesian 
wells  in  the  proper  sense;  but  in  the  main  the  agriculture  is  dependent  upon  the 
flowing  waters,  the  exceptions  being  so  trivial  as  scarcely  to  be  worthy  of  mention. 
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There  are  a  few  places  where  water  is  stored,  as  in  California;  but  in  the  main 
no  attempt  has  yet  been  made  to  create  reservoirs,  and  the  waters  from  fifty  to 
eighty  days  only  are  used  for  irrigation,  while  the  remainder  are  allowed  to  run  to 
waste. 

Mr.  Herbert.  If  the  waters  in  that  area  which  you  have  marked  off  were  all 
scientifically  utilized,  what  portion  of  that  area  would  be  rendered  productive — as 
much  as  one-tenth  or  one-twentieth  ? 

Maj.  Powell.  I  have  made  a  pretty  careful  estimate;  three  of  us  have  been 
engaged  on  it  for  several  years,  from  time  to  time,  attacking  the  problem  by  differ¬ 
ent  methods  and  coming  substantially  to  the  same  conclusion,  that  we  have  about 
100,000,000  acres  of  land  which  can  be  redeemed  between  those  lines  by  the  use  of 
the  streams. 

Mr.  Herbert.  How  many  million  acres  are  between  those  lines  ? 

Major  Powell.  There  are  nearly  900,000,000  acres.  I  believe  about  100,000,000 
acres  can  be  redeemed  by  the  utilization  of  streams. 

The  Chairman.  Storage  and  so  on? 

Maj.  Powell.  Storage  and  so  on.  But  there  will  be  in  addition  to  this  three 
other  sources  which  will  increase  the  area  to  an  extent  of  which  we  are  not  willing 
to  make  predictions;  the  investigations  are  not  sufficient  to  warrant  it.  But  I  will 
indicate  the  three  sources.  The  first  is  the  utilization  of  the  storm  waters — waters 
which  are  not  perennial.  To  a  large  extent  the  storm  waters  will  be  used  in  detail 
on  small  tracts  of  land,  where  they  do  not  contribute  to  the  flow  of  perennial  streams. 
Where  they  do  they  are  better  used  with  the  streams,  and  are  included  with  them 
in  my  estimate.  Then  there  are  the  “  sand  reservoirs,”  as  I  shall  call  them,  where 
the  water  accumulates  in  valley  sands  and  does  not  appear  as  artesian  waters;  and 
finally,  there  are  the  artesian  waters.  From  these  three  sources  considerable  areas 
in  addition  to  what  I  have  estimated  will  ultimately  be  redeemed.  Of  the  three 
additional  sources  the  storm  waters  constitute  the  chief. 

The  Chairman.  Do  I  understand  you  to  say  there  are  100,000,000  of  acres  of 
land  between  these  two  fines  which  will  be  cultivable  if  they  had  water  put  on  them? 

Maj.  Powell.  No,  sir;  one-half  the  area,  if  you  had  water,  would  be  cultivable. 

The  Chairman.  And  of  that  half  100,000,000  acres  would  be  cultivable? 

Maj.  Powell.  There  are  probably  500,000,000  acres  of  land  which  would  be 
arable  if  there  were  sufficient  water. 

The  Chairman.  Then  your  idea  is  that  of  this,  100,000,000  acres  of  land  are  cul¬ 
tivable  by  the  use  of  all  the  water  ? 

Maj.  Powell.  Yes;  from  perennial  streams. 

The  Chairman.  That  is,  that  100,000,000  acres  of  land  could  be  cultivated  includ¬ 
ing  the  estimate  of  storm  waters  ? 

Maj.  Powell.  No,  sir;  that  has  to  be  added.  The  amount  to  be  irrigated  from 
the  use  of  the  three  sources — storm  waters,  sand-reservoir  waters,  and  artesian 
waters — is  to  be  added  to  the  100,000,000  acres. 

The  Chairman.  Then  to  give  importance  to  that  problem  you  must  have  some 
sort  of  an  estimate  of  the  amount  of  storm  water  ? 

Maj.  Powell.  Yes,  sir.  In  the  regions  where  the  streams  are  perennial  the 
cutting  off  of  the  storm  waters  will,  to  a  large  extent,  cut  off  the  supply  from  per¬ 
manent  streams  and  reservoirs,  and  such  cutting  would  be  injurious,  for  it  is  better 
to  handle  them  with  the  permanent  streams.  There  are  other  regions  where  the 
storm  waters  can  be  used  as  such,  and  must  be  used  as  such  if  used  at  all,  for  they 
do  not  feed  perennial  streams.  Let  me  make  myself  understood.  All  the  waters 
are  primarily  storm  waters.  They  all  come  from  the  heavens.  Some  are  gathered 
into  perennial  streams,  and  then  I  call  them  stream  waters,  and  such  waters  con¬ 
stitute  the  chief  body  to  be  used  in  irrigation.  A  small  amount  of  the  waters  com¬ 
ing  from  the  storms  sink  into  the  rocks,  and  when  they  can  be  recovered  by  over- 


TIIE  ARID  LANDS. 


205 


flowing  wells  they  are  called  artesian  waters.  Another  small  amount  of  original 
storm  waters  are  accumulated  in  sand  valleys,  and  are  called  sand-reservoir  waters. 
They  are  to  be  recovered  in  part  by  pumps  and  in  part  by  gravity— that  is,  by  draw¬ 
ing  them  off  onto  lower  lands.  Now,  there  are  regions  of  country  where  the  rain 
does  not  gather  into  permanent  streams,  but  where  storm  streams  that  soon  go  dry 
are  abundant,  and  these  we  call  storm  waters. 

The  Chairman.  If  there  is  no  other  point  just  there,  perhaps  it  might  be  desirous 
to  get  at  some  information  on  the  different  precipitations  of  the  mountains  and  in 
the  valleys. 

Maj.  Powell.  I  shall  come  to  that. 

The  Chairman.  This  whole  region  is  traversed  by  mountains. 

Maj.  Powell.  The  rainfall  of  the  arid  region  is  very  irregularly  distributed,  as 
it  is  concentrated  on  the  mountains.  In  the  great  valleys  and  plains  there  is  com¬ 
paratively  little.  Now,  the  storm  waters  of  the  mountains  feed  the  streams  and 
become  stream  waters,  and  are  used  in  irrigation  in  the  valleys  below,  and  it  is 
through  the  use  of  these  mountain-born  streams  that  100,000,000  acres  of  land  can 
be  redeemed.  The  rain  that  falls  on  the  arid  plains  does  not  give  rise  to  perennial 
streams;  only  storm- water  streams  are  formed,  and  largely  these  waters  coming 
down  from  the  hills  sink  into  the  valley  sands  and  are  evaporated.  Ultimately 
large  tracts  of  land  on  the  plains  will  be  irrigated  by  catching  these  storm  waters 
and  holding  them  in  tanks  or  ponds  to  be  used  in  irrigation.  This  is  the  chief 
resource  of  water  for  the  plains. 

Mr.  Chairman,  I  have  prepared  a  table  by  States  and  Territories  of  the  land  irri¬ 
gated.  I  will  not  read  that  table  to  the  committee,  as  it  is  statistical,  but  I  wish  to 
incorporate  it,  if  I  may  be  permitted,  in  my  remarks,  to  show  how  much  land  is 
irrigated  in  each  State  and  Territory. 

Irrigated  areas— Totals. 


States. 

Acreage. 

Percentage 
irrigated  to 
total  area  of 
States. 

Under  ditches 
constructed  or 
projected. 

Irrigated 
(and  under 
ditch). 

Arizona . 

Acres. 

455,600 

6,000,000 

Acres. 

175, 000 
3,000,000 
2,000,000 
400,000 
*348,000 
75,000 
638, 000 
119,000 
802,000 
*500,000 

.2 

3 

3 

.7 

.3 

.1 

.8 

.2 

1.5 

.8 

California . 

Colorado . 

Idaho . 

Montana . 

740,000 

Nevada . 

New  Mexico . 

1,360,000 

191,000 

Oregon . 

Utah . 

Wyoming . 

1,237, 819 

Total . 

8,057,000 

Note.— The  figures  above  are  not  comparable  among  themselves  as  they  are  derived  from  many 
sources  and  by  various  persons,  each  having  different  purposes  and  ideas  as  to  what  constitutes  irri¬ 
gation. 

*  Including  large  areas  of  hay  lands;  in  Wyoming  probably  90  per  cent,  is  meadow. 


It  will  be  seen  from  the  map  before  you  that  irrigation  is  widely  distributed;  so 
there  is  no  great  district  of  country  where  irrigation  is  possible  that  does  not  pre¬ 
sent  examples  of  what  has  been  accomplished.  I  think  I  should  have  stated  fur¬ 
ther,  while  there  are  about  8,000,000  acres  now  actually  under  cultivation,  there 
are  probably  2,000,000  to  4,000,000  more  under  canals;  the  works  are  already  con¬ 
structed,  and  it  is  estimated  that  from  2,000,000  to  4,000,000  acres  more  will  be  cul¬ 
tivated.  That  is  because  a  man  often  has  only  a  portion  of  his  farm  irrigated,  but 
will  irrigate  more  in  time  from  the  works  already  constructed. 
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The  map  (see  PI.  lxviii)  which  I  now  place  before  you  exhibits  the  distribution 
of  the  forests.  The  same  lines  indicating  the  borders  of  the  arid  lands  are  s'en 
here,  and  within  that  area  we  have  a  map  of  the  forests.  Over  almost  all  the 
region  surveys  have  been  carried  on ;  so  the  forests  are  mapped  with  a  fair  degree 
of  accuracy.  They  are  of  two  characters.  First,  on  the  high  mountains  and 
plateaus  we  have  forests  of  commercial  value,  forests  of  pine,  fir,  spruce,  and 
sequoia.  They  are  colored  in  dark  green.  The  area  covered  by  forests  of  this  class 
is  not  one-tenth  of  the  whole;  it  is  about  125,000  square  miles.  But  all  of  these  for¬ 
ests  are  on  high  plateaus  and  mountains.  Now,  it  must  be  understood  that  the 
forests  of  which  I  am  speaking,  although  they  cover  a  considerable  area,  are  not 
dense.  On  this  map  here  we  have  had  to  represent  them  in  large  bodies;  and  for 
that  reason  they  are  apparently  exaggerated.  There  are  fine  open  prairies  and 
glades  intermingled  among  the  forests;  there  are  mountains  covered  here  and  there 
by  forests,  but  having  great  spaces  of  naked  rock,  and  there  are  other  regions  of 
country  where  the  trees  are  far  apart.  It  will  be  safe  to  say  that  all  the  forests  of 
this  125,000  square  miles  of  which  I  make  mention  could  stand  on  one-fourth  of 
the  space. 

In  addition  to  these  there  are  forests  of  some  value  covering  a  somewhat  larger 
area  than  that  of  the  heavy  forests  of  commercial  value.  These  consist  of  pifion 
or  nut  pine,  cedars,  and  in  some  places  dwarf  oaks.  They  are  available  for  fire¬ 
wood,  fences,  and  for  minor  domestic  purposes,  but  they  are  very  scant — every¬ 
where  there  is  but  a  small  amount  of  wood  to  the  acre.  Along  the  streams  we  find 
cottonwood  trees  that  are  of  some  value  for  firewood  and  fences,  but  it  is  not  gen¬ 
erally  dense.  The  cottonwood  forests,  the  cedar  forests,  the  pifion  forests,  and  the 
dwarf-oak  forests  are  all  colored  in  light  green.  The  area  covered  in  this  manner 
is  a  little  over  130,000  square  miles,  so  that  within  the  arid  area  the  extent  of  forest 
is  about  one-fifth,  and  it  is  scattered. 

The  distribution  of  forests  is  otherwise  shown  by  this  table: 

Approximate  area  in  square  miles  of  timbered  lands  in  the  arid  region. 


State. 

Firewood. 

Merchantable 

timber. 

Washington . 

Idaho  . 

Square  miles. 

1,050 

8,600 

6.500 

3.500 
7,300 

2.400 
200 

20,300 

5.400 
26,510 
21,540 
15, 000 
14,000 

Square  miles. 

1,080 

9,800 

21,000 

8,700 

15,700 

400 

Montana . 

Oregon . 

Wyoming . 

South  Dakota . 

North  Dakota  (river  bottoms). . . 

California . 

11,000 

700 

11,700 

14,490 

23,500 

7,700 

Nevada . 

Arizona . 

New  Mexico . 

Colorado . 

Utah . 

Total . . . 

132, 300 
125,770 

125, 770 

Grand  total . 

258,070 

Total  area  of  arid  lands,  1,340,000  square  miles. 


Now,  some  important  facts  must  be  brought  out,  showing  where  these  forests  are 
and  their  relation  to  agriculture  and  other  industries  of  the  country.  Where  the 
forests  of  commercial  value  grow,  as  a  general  thing,  agriculture  can  not  be  prac¬ 
ticed.  They  grow  high  on  the  mountains  and  plateaus. 

The  Chairman.  Not  over  5,000  feet  elevation  ? 

Maj.  Powell.  It  varies  from  north  to  south.  The  lower  limit  of  the  commer¬ 
cial  forests  varies  from  4,500  feet  above  the  level  of  the  sea  at  the  north  to  about 
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6,000,  or  i  ,000  feet  at  the  south,  and  from  this  lower  limit  the  timber  belt  rises 
4,000  feet  into  the  region  above.  Where  these  forests  of  commercial  value  are 
situate  great  snows  fall  during  the  winter,  and  during  the  summer  frosts  may  be 
expected;  so  that  by  reason  of  climatic  conditions  in  part  the  region  covered  by 
commercial  forests  is  not  agricultural.  There  are  still  other  reasons  why  in  these 
high  mountains  agriculture  would  not  be  productive.  In  the  rough  mountains 
there  will  be  no  agriculture  except  in  little  spots — gardens  where  the  people  culti¬ 
vate  potatoes  and  such  things  about  the  mining  camps.  In  general  it  is  not  an 
agricultural  region  where  forests  of  commercial  value  are  found.  The  area  colored 
in  daik  green  is  not  an  agricultural  region.  The  area  colored  in  light  green  is  in 
part  agricultural,  and  will  in  part  fall  within  the  irrigation  districts  which  must 
ultimately  be  established  in  the  country  and  which  practically  they  are  beginning 
to  establish  all  over  the  land. 

The  forests  are  being  rapidly  destroyed,  and  it  is  of  their  protection  that  I  wish  to 
speak  now,  and  to  show  their  relation  to  the  agriculture.  The  forests  are  utilized 
by  the  people  who  are  engaged  in  agriculture  in  the  valleys  far  away — 5,  10,  20,  50, 
oi  100  miles  fiom  the  forests  and  they  are  also  utilized  for  mining  purposes,  and 
they  are  burned  in  the  towns  and  cities  as  firewood. 

Mr.  Herbert.  And  the  railroad  companies  also  use  them  largely  for  cross-ties. 

Maj.  Powell.  Yes,  sir;  but  ordinarily  that  is  not  a  very  great  use.  The  mining 
use  is  great,  the  domestic  use  is  very  great,  and  the  use  for  railroad  purposes  is  of 
little  importance.  It  will  be  understood,  then,  that  the  man  who  cultivates  a  farm 
in  this  region  of  the  country  usually  has  no  timber  on  his  tract  of  land.  The  timber 
with  which  he  builds  his  house,  with  which  he  builds  his  fences,  and  which  Ileuses 
for  firewood  grows  many  miles  away.  Hence  they  build  roads  into  the  canyons  and 
bring  the  timber  down,  and  they  construct  tramways  to  some  extent,  and  slides 
down  the  mountain  sides,  and  flumes  taking  it  out  on  streams  of  water  and  floating 
it  down;  so  that  the  timber  industry  is  away  in  another  region  from  the  farming 
industry — it  is  segregated  to  itself.  But  the  timber  is  being  very  rapidly  destroyed 
by  fire.  That  which  men  use  is  insignificant.  Man  himself,  taking  the  grand 
aggregate,  has  made  no  impression  on  the  forests  of  that  country.  They  grow  faster 
than  man  has  heretofore  cut  them,  and  if  they  could  be  protected  from  devastation 
by  fire  the  use  made  by  man  would  never  injure  the  forests— not  until  a  vastly 
denser  population  is  gathered.  These  forests  are  composed  of  coniferous  trees  that 
are  rich  in  inflammable  resinous  substances,  the  bark  of  the  trees  is  exceedingly 
inflammable,  and  the  pine  needles  which  fall  upon  the  ground  are  inflammable 
and  all  give  rise  to  great  fires,  and  vast  areas  of  forest  have  thus  been  destroyed. 

A  little  more  than  10  years  ago  I  mapped  the  Territory  of  Utah,  and  in  making 
that  map  I  delineated  not  only  the  existing  forests,  but  the  burned  forests,  and 
found  that  at  that  time  one-half  of  the  forests  of  the  Territory  had  been  burned.  I 
have  seen  one  fire  in  Colorado  destroy  more  timber  than  has  been  used  by  man  from 
the  migration  to  Pike’s  Peak  up  to  the  present  time;  and  I  have  seen  several  such 
fires  in  Colorado.  This  past  season,  as  an  attache  to  the  Senatorial  committee  in¬ 
vestigating  the  questions  relating  to  the  arid  lands,  I  passed  through  South  Dakota, 
North  Dakota,  Montana,  Washington,  Oregon,  and  Idaho  by  train.  Among  the 
valleys,  with  mountains  on  every  side,  during  all  that  trip  a  mountain  was  never 
seen.  This  was  because  the  fires  in  the  mountains  created  such  a  smoke  that  the 
whole  country  was  enveloped  by  it  and  hidden  from  view.  That  has  been  the  ex¬ 
perience  for  twenty-odd  years,  year  by  year,  in  this  region.  The  geographical  work 
of  our  Survey  is  cut  off  during  the  very  dry  months  by  the  smoke;  the  men  can  not 
get  lines  of  sight  from  height  to  height  through  that  country  because  of  the  fires 
produced  in  the  mountains  and  the  smoke  settling  down  over  the  land.  In  the  last 
20  years  one-half  of  the  timber  has  been  burned.  Where  timber  burns  in  this  man¬ 
ner  it  springs  up  again;  the  lands  as  forest  lands  are  not  destroyed  by  these  fires,  but 
the  timber  itself  is  destroyed,  and  it  is  of  slow  growth. 
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Mr.  Herbert.  Can  you  suggest  any  method  of  preventing  the  fires? 

Maj.  Powell.  Yes,  sir;  I  am  just  coming  to  that.  In  the  first  place,  let  me 
make  it  plain  that  the  character  of  the  forests  themselves  is  such  that  it  makes 
these  fires  exceedingly  destructive.  In  lands  where  trees  are  not  coniferous,  but 
ordinary  deciduous  trees,  the  fires  are  not  so  destructive.  The  coniferous  trees, 
pines,  firs,  hemlocks,  spruces,  and  so  on,  are  very  easily  burned.  In  an  ordinary 
year  fire  is  not  destructive  ;  fire  in  an  ordinary  year  passes  over  the  ground  and 
burns  the  leaves  and  cones,  etc.,  only.  But  thei’e  come  critical  years,  five,  ten,  fif¬ 
teen,  or  twenty  years  apart,  critical  seasons  of  great  drought,  when  there  is  no  rain 
for  several  months,  and  the  fire  starts  and  sweeps  everything  away.  Now,  the  set¬ 
tlement  of  the  country  conduces  to  this.  If  the  forests’  grounds  were  perenially 
burned — burned  every  year,  as  by  the  Indians  in  the  olden  times — these  great  fires 
would  not  prevail.  But  protected  from  annual  burning  as  they  are  now,  the  cones, 
leaves,  and  twigs  accumulate  for  six,  eight,  ten,  or  twelve  years,  as  the  case  may 
be,  until  there  is  a  heavy  mat  of  this  inflammable  material,  and  when  a  dry  sea¬ 
son  comes  and  the  fire  starts  it  sweeps  over  the  country  in  one  big  conflagration. 
The  real  protection  is  to  come  ultimately  in  two  ways.  It  will  come  in  part  by  pas¬ 
turing  the  lands.  The  pasturing  of  the  lands  will  destroy  the  younger  growth  and 
consume  the  grass,  and  stock  will  make  trails  and  roads  by  which  the  fires  will  be 
cut  off  and  not  spread  widely.  Then,  by  annual  burning,  at  times  properly 
selected,  when  not  too  dry,  the  trees  can  be  protected. 

The  points  of  importance  in  connection  with  matters  relating  to  irrigation  are, 
the  people  who  are  engaged  in  irrigation  have  their  timber  land  far  away.  The 
timber  lands  that  are  far  away  are  subject  to  fires.  Now,  how  is  the  General  Gov¬ 
ernment  to  protect  them  from  these  fires  ?  They  are  asking  that  the  Government 
establish  a  forestry  commission  for  this  purpose.  It  will  be  noticed  that  the  area 
drained  by  a  river  like  the  Platte,  or  the  Arkansas,  or  the  Rio  Grande,  has  its  source 
in  the  mountains,  the  timber  lands.  The  people  in  the  valleys  who  are  cultivating 
the  soil  by  irrigation  are  interested  in  the  forests  above,  in  the  mountains,  where 
the  sources  of  water  supply  are  found.  They  are  interested  in  it  in  a  double  man¬ 
ner.  They  want  the  wood  for  their  use  below,  and,  further,  they  want  to  protect 
these  forests  which  stand  about  the  sources  of  their  water  supply;  so  the  people  have 
a  double  interest  in  the  mountain  lands.  They  need  that  timber  and  need  to  pro¬ 
tect  the  sources  of  their  water  supply. 

Mr.  Herbert.  What  will  be  the  fuel  of  the  future  in  that  country;  is  there  coal 
enough  to  supply  the  future  population  you  anticipate? 

Maj.  Powell.  The  geology  of  the  arid  region  is  not  so  fully  known  that  we  can 
state  that  all  of  the  coal  has  been  discovered.  But,  Mr.  Chairman,  I  now  place  be¬ 
fore  you  a  map  of  the  same  region  showing  the  distribution  of  the  known  coal 
fields.  In  Dakota,  as  you  see,  we  have  a  very  large  body  of  coal.  While  coal  is 
probably  found  throughout  the  greater  part  of  that  area,  in  much  of  the  region  it 
lies  so  deep  as  to  be  unavailable  for  working  economically.  We  have  here  in  Utah 
and  Colorado  a  very  large  area  with  which  I  am  personally  acquainted,  as  I  have 
examined  it  myself.  We  have  smaller  ones  lying  around  here,  as  you  will  see. 
There  is  one  in  Washington,  and  so  on.  There  are  two  or  three  small  places  that 
have  been  found  in  Nevada,  but  the  great  body  of  the  coal  lies  in  the  Rocky  Moun¬ 
tains  and  to  the  east  of  the  Rocky  Mountains.  Altogether  there  are  very  great 
coal  fields.  Compared  with  the  coal  fields  of  the  eastern  portion  of  the  United 
States  they  are  far  superior  in  area. 

The  Chairman.  There  is  a  coal  field  down  here  [marking  on  the  map]. 

Maj.  Powell.  Yes,  sir;  in  Texas. 

Mr.  Lanham.  There  are  coal  fields  east  of  that  line. 

Maj.  Powell.  There  are  coal  fields  down  in  here  [indicating].  I  have  only 
put  in  the  coal  fields  within  these  two  lines.  There  a  re  coal  fields  west  of  the  arid 
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region  and  others  east  of  it.  But  there  are  coal  fields  between  the  two  lines  enough 
to  supply  all  practical  purposes.  You  will  see  little  dots  over  the  areas,  red  dots 
in  the  blue  areas,  representing  places  where  they  are  mining  considerable  quanti¬ 
ties.  In  the  main  the  coal  is  very  accessible.  It  has  been  so  placed  by  geological 
agencies  that  it  can  be  reached  with  comparatively  little  expense.  It  is  not  very 
ancient  coal — not  so  ancient  as  that  in  the  eastern  portion  of  the  United  States.  It 
is  in  part  Cretaceous  and  in  part  Tertiary.  It  exists  in  large  quantity,  and  the 
quality  is  good  enough  for  all  domestic  purposes  and  for  making  steam,  and  the 
people  are  gradually  learning  to  coke  it.  It  was  difficult  to  use  in  the  metallurgi¬ 
cal  processes  for  a  long  time,  but  the  difficulties  are  being  surmounted  as  experi¬ 
mentation  goes  on.  Now,  the  sources  of  fuel  for  the  people  are  in  part  the  forests 
represented  on  the  map  before  you  and  in  part  the  coal  fields  represented  on  this 
map.  There  may  be  discovered  ultimately  other  coal  fields  than  those  already 
known. 

Climatic  temperature  decreases  from  th§  level  of  the  sea  to  the  summit  of  the 
mountains,  but  it  also  grows  colder  from  the  equator  to  the  poles.  Now,  the 
lowest  lands  of  the  arid  country  are  farthest  south.  In  Arizona  and  southern 
California  the  uninhabitable  deserts  of  America  are  found;  there  are  districts  of 
country  below  the  level  of  the  sea  and  other  stretches  just  above  it.  There  are 
other  stretches  where  billows  of  sand  drift  across  the  desert  with  the  prevailing 
winds.  Still  other  areas  are  covered  with  sand  and  stony  fragments  and  strewn 
rocks,  where  vegetation  gains  little  foothold.  All  these  lands  are  worthless.  In 
passing  from  the  Mexican  to  the  British  line,  where  conditions  of  altitude  are  the 
same,  the  grasses  steadily  improve,  and  those  of  the  northern  half  are  compara¬ 
tively  rich.  But  even  here  there  are  waste  places,  for  lava  fields  abound  that  are 
virtually  desert.  And  there  are  “bad  lands”  that  yield  little  vegetation — hills  of 
clay  and  sand  that  are  washed  by  the  storms  and  baked  by  the  sun.  When  the 
rains  come  the  hillsides  are  sloughs,  and  when  the  winds  come  the  dried  surfaces 
crack  and  crumble.  Then  there  are  canon  lands  that  are  carved  by  many  winding, 
branching  gorges,  and  are  thus  rendered  worthless.  Then  there  are  alcove  lands 
where  every  rill  of  the  rainy  season  heads  in  a  precipitous,. rocky  gulch.  These  are 
also  barren.  Then  buttes  are  scattered  over  the  mesas  and  plateaus — fragments  of 
formations  left  by  the  destroying  storms  for  their  future  employment.  Then  there 
are  cinder  cones,  naked  and  desolate.  Often  lines  of  cliff  stretch  athwart  the  coun¬ 
try — the  margins  of  mesas  and  plateaus.  These  cliffs  are  worthy  of  further  men¬ 
tion.  When  the  winds  drift  the  clouds  along  the  lowlands,  such  a  cliff,  a  few  hun¬ 
dred  or  a  few  thousand  feet  in  height,  obstructs  their  way.  So  the  clouds  rise  and 
discharge  their  moisture,  and  floods  are  speedily  born.  In  regions  of  cliff  a  large 
portion  of  the  precipitation  is  along  these  lines,  and  yet  with  this  increased  precipi¬ 
tation  they  are  not  favored  with  great  vegetation,  for  the  water  glides  away  on  the 
steep  declivities,  aud  a  zone  of  low  lands  near  by  receives  it,  and  here  the  most  val¬ 
uable  forests  of  pifion  and  cedar  are  often  found.  Then  the  mountains  are  not  all 
grassy  slopes,  for  they  are  often  interrupted  with  rocks  and  ledges  and  cliffs  that 
are  naked. 

Though  the  grasses  of  the  pasturage  lands  of  the  West  are  nutritious,  they  are  not 
as  abundant  as  in  the  humid  valleys  of  the  East.  Yet  they  have  an  important  value. 
These  grasses  are  easily  destroyed  by  improvident  pasturage,  and  they  are  then  re¬ 
placed  by  noxious  weeds.  To  be  utilized  they  must  be  carefully  protected,  and 
grazed  only  in  proper  seasons  and  within  prescribed  limits.  But  they  cannot  be 
inclosed  by  fences  in  small  fields.  Ten,  twenty,  fifty  acres  are  necessary  for  the 
pasturage  of  a  steer.  So  the  grasses  can  be  utilized  only  in  large  bodies,  and  be 
fenced  only  by  townships  or  tens  of  townships.  Yet  they  must  have  protection  or 
be  ruined,  and  they  should  be  preserved  as  one  great  resource  of  food  for  the  people. 
When  the  valleys  below  are  irrigated,  so  that  flocks  and  herds  may  be  fed  when 
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the  snows  and  frosts  of  winter  come,  the  hills  and  mountains  of  the  arid  region  will 
support  great  numbers  of  horses,  cattle,  and  sheep. 

The  mountains  of  the  far  West  are  full  of  gold.  Ores  of  this  metal  are  found  in 
fissures  that  seam  the  rock  and  fill  spaces  between  barren  formations  and  lie  in 
bodies  where  lavas  have  cooled  in  hill- bound  basins.  Then  the  whole  mountain 
region  lias  been  plowed  with  glaciers  and  swept  by  storms  or  buried  by  river 
floods,  and  in  these  glacial  gravels  and  storm  gravels  and  river  gravels  the  gold  has 
been  carried,  and  here  the  placer  mines  are  found.  In  other  hills  and  mountains 
there  are  stores  of  silver  and  copper,  while  lead  and  iron  abound.  Then  asphalt, 
oil,  and  gas  are  found,  and  the  hills  are  often  filled  with  coal.  With  slight  excep¬ 
tion  all  of  these  minerals  are  found  in  lands  which  can  not  be  redeemed  for  agri¬ 
culture.  The  coal  lands  are  chiefly  pasturage  lands,  and  the  gold  and  silver  mines 
are  under  the  forests.  The  coal  and  iron  have  been  and  can  be  discovered  by 
science;  but  gold  and  silver  are  discovered  by  prospectors,  and  revealed  only  by  the 
pick  and  shovel.  These  mines  of  golckand  silver  furnish  the  basis  of  our  monetary 
system,  and  are  the  source  of  vast  wealth.  During  the  last  calendar  year  $32,- 
816,500  in  gold  and  $59,118,000  in  silver  were  taken  from  these  regions,  and  this 
supply  is  to  be  continued  through  an  indefinite  future. 

Mr.  Chairman,  I  have  thus  presented  a  general  out  line  of  the  arid  lands  and 
certain  facts  connected  with  the  agriculture  of  the  country,  the  present  distribution 
of  irrigation,  the  forests,  the  distribution  of  coal,  a  description  of  the  pasturage 
lands,  and  have  made  mention  of  the  mineral  lands. 

I  propose  now  to  present  an  outline  of  some  of  the  more  important  problems  re¬ 
lating  to  irrigation,  and  in  order  to  do  this  to  the  best  advantage  I  have  prepared  a 
series  of  maps  (condensed  on  PI.  lxiv),  each  one  representing  some  great  river  valley 
and  all  the  areas  drained  by  the  river  within  the  arid  region.  I  now  place  before 
you  a  map  of  the  Arkansas  basin,  so  much  of  it  as  is  in  the  arid  region.  The  Arkansas 
heads  in  central  Colorado,  in  high  mountains,  about  14,000  feet  above  the  level  of 
the  sea,  and  it  flows  eastward  across  the  Kansas  line  at  this  point.  It  has  many 
important  tributaries,  and  they  all  head  in  the  high  mountains.  You  will  see  that  I 
have  divided  the  Arkansas  drainage  into  districts,  and  each  one  represents  a  natural 
irrigation  district— a  region  of  country  that  must  be  considered  as  a  unit.  I  shall 
first  call  attention  to  the  head  waters  of  the  Arkansas  itself.  You  will  see  that 
west,  north,  and  south  from  Can y  on  City  there  is  a  great  mountain  area.  This  is  the 
catchment  region  of  the  waters  of  the  upper  Arkansas. 

Below  Canyon  City  you  will  see  that  the  district  connected  with  the  moimtain 
catchment  area  narrows  greatly  down  to  Pueblo,  and  continues  a  comparatively 
narrow  strip  down  the  Arkansas  many  miles,  and  then  leaves  the  Arkansas  to  the 
north  and  extends  to  the  State  line.  This  narrow  district  below  is  the  farming 
region,  which  must  depend  for  its  waters  upon  the  catchment  district  above.  The 
mountains  above  furnish  the  water  to  the  plains.  This  great  fact  is  important,  for 
it  illustrates  a  general  condition  in  all  regions  of  agriculture  by  irrigation.  The 
farming  area  below  depends  on  a  catchment  area  above,  and  this  dependence  is 
vital.  Let  us  call  the  whole  the  upper  Arkansas  district,  extending  from  Lead- 
ville  to  the  Kansas  line.  The  farming  must  chiefly  be  below  Canyon  City,  and  the 
water  must  chiefly  come  from  above  Canyon  City,  and  Canyon  City  marks  approxi¬ 
mately  the  critical  point  in  the  valley.  Above  it  most  of  the  waters  are  to  be 
stored  when  storage  is  resorted  to,  though  a  part  can  be  stored  below,  but  those 
stored  below  should  be  diverted  from  the  river  near  Canyon  City.  The  surveys  have 
piogiessed  far  enough  for  us  to  state  that  the  waters  of  the  Arkansas  coming  down 
to  Canyon  City  can  be  taken  out  in  that  neighborhood  and  carried  by  high-line 
canals  over  the  lands  below  lying  within  the  district  as  outlined.  A  part  of  the 
waters  can  be  taken  out  on  the  north  side  by  high-line  canals;  another  part  of  the 
waters  can  be  taken  out  by  a  high-line  canal  starting  a  little  below  Canyon  City  and 
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running  on  the  south  side  of  the  river.  The  irrigable  lands  therefore  lie  chiefly 
below  Canyon  City  on  both  sides  of  the  river,  and  extend  on  the  south  side  half  way 
to  the  Colorado-Kansas  line  and  on  the  north  side  entirely  to  the  Kansas  line.  But 
not  all  the  lands  in  the  lower  part  of  the  district  can  be  irrigated;  the  water  is  in¬ 
sufficient  for  that  purpose.  At  the  present  time  in  critical  years — and  I  mean  by 
that  in  dry  years — all  the  waters  of  the  Arkansas  are  used  that  flow  during  the 
season  of  irrigation.  All  additional  development  of  agriculture  along  the  region 
therefore  depends  upon  the  storage  of  water.  In  years  of  great  precipitation  much 
larger  areas  can  be  cultivated  without  storage,  but  in  years  of  drought  waste  water 
must  be  used,  and  this  demands  storage. 

Permanent,  prosperous  agriculture,  therefore,  if  it  is  to  be  enlarged  in  this  district, 
will  have  its  enlargement  depend  upon  storage.  We  already  know  of  fine  storage 
basins  in  the  upper  region  and  others  in  the  lower  region,  and  know  that  the  waters 
which  now  run  to  waste  for  ten  months  can  be  stored.  Now  I  wish  to  make  it 
clear  that  the  entire  district  of  which  I  make  mention  is  an  interdependent  dis¬ 
trict;  that  the  interests  of  the  people  throughout  the  district  are  common  interests, 
and  that  one  man’s  interest  can  not  be  affected  without  at  the  same  time  affecting 
another  man’s  interest;  that  there  are  certain  great  common  problems  in  which  all 
of  the  people  of  the  district  are  involved  and  about  which  they  must  be  all  con¬ 
sulted  and  in  the  determination  of  which  they  should  all  have  a  voice. 

First,  then,  is  the  catchment  area  above  Canyon  City,  where  the  chief  body  of 
water  falls.  Now  this  water  can  not  be  divided  among  the  farmers  below  until  it 
reaches  Canyon  City;  it  must  be  divided  there;  and  farther  down  a  common  body  of 
water  flows  by,  fx-om  which  every  farmer  must  take  his  quota.  If  the  water  is  to 
be  stored  above,  the  farmers  below  who  are  to  store  it  must  go  to  the  upper  districts, 
away  from  their  homes  one  or  two  hundred  miles,  and  construct  reservoirs;  when 
the  waters  of  these  reservoirs  are  needed  they  must  be  discharged  into  the  natural 
channels,  to  be  taken  out  again  by  diverting  dams;  the  people  must  also  go  away 
from  their  homes  many  miles  to  construct  the  diverting  dams  where  the  waters  aie 
taken  out  from  the  natural  channels  and  turned  into  canals.  In  like  manner  the 
canals  must  be  constructed  on  lands  above  them,  5,  10,  20,  50,  100,  or  200  miles,  as 
the  case  may  be.  The  last  farmer  near  the  Kansas  line  is  as  much  interested  in  the 
storage  reservoir  at  Twin  Lakes,  high  in  the  mountains  300  miles  away,  as  the  man 
living  at  Pueblo  below  Canyon  City. 

This  upper  region  is  mountainous,  and  the  mountains  are  largely  covered  with 
forests.  But  the  forests  themselves  are  being  destroyed  by  fire.  This  destruction 
of  the  forests  is  exceedingly  injurious  to  the  reservoirs.  Forests  should  be  managed 
in  the  interest  of  agriculture,  that  the  water  supply  of  the  people  may  have  protec¬ 
tion  in  the  mountains  where  it  is  caught.  All  the  people  of  the  district,  therefore, 
to  the  Kansas  line  are  alike  interested  in  the  mountain  slopes  and  the  forests  which 
they  carry,  and  they  are  the  only  people  directly  interested  in  them,  for  they  are  the 
people  who  wish  to  use  the  timber  which  these  forests  will  afford.  Their  homes  are 
to  be  made,  their  farms  are  to  be  fenced,  and  their  firewood  is  to  be  obtained  from 
them;  though  their  fuel  will,  perhaps,  be  derived  in  part  from  the  coal  which  the 
region  affords. 

But  not  all  of  the  land  can  be  irrigated.  The  mountain  region  can  not,  but  it  is 
worth  something  for  pasturage  purposes;  and  the  plains  below  can  not  all  be  irri¬ 
gated.  The  nonirrigable  portion,  which  is  several  times  larger  than  the.  area  which 
can  be  irrigated,  has  value  for  pasturage  purposes.  But  this  pasturage  can  be 
and  is  being  rapidly  destroyed  by  being  overfed.  It  can  not  be  fenced  and  used 
as  pasturage  grounds  as  in  the  eastern  or  humid  lands,  because  the  pasturage  is  scant 
and  a  large  tract  is  needed  to  support  a  small  herd — so  large  that  fencing  in  small 
tracts  is  impossible.  In  the  main  the  stock  i-aised  on  this  pasturage  must  be  fed 
during  the  winter;  the  cattle,  horses,  and  sheep,  therefore,  that  feed  on  the  summer 
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pasturage  of  the  district  must  winter  on  the  farms  of  the  district  that  are  culti¬ 
vated  by  irrigation,  and  the  people  who  can  utilize  these  lands  best,  who  live  in  the 
district  and  engage  in  agriculture,  should  by  some  means  have  control  of  the  pas¬ 
turage.  They  must  have  control  of  the  forest  areas,  because  their  agriculture  de¬ 
pends  upon  them,  and  the  non-forest  areas  can  better  be  controlled  by  them  than 
by  anybody  else. 

Here  the  people  are  to  be  scattered  from  Canyon  City  to  the  Kansas  line  in  com¬ 
munities  dependent  upon  irrigation.  About  them  on  every  hand  on  the  plains  will 
be  pasturage  lands  over  which  their  cattle  may  roam,  and  far  above  on  the  river 
will  be  the  forestlands  which  constitute  the  catchment  basin  for  their  agriculture. 
All  of  this  land  must  by  some  means  or  other  be  placed  under  the  control  of  these 
farmers,  for  its  management  is  vital  to  their  industries  because  of  the  water,  timber, 
and  pasturage  which  it  affords.  There  must  necessarily  be  small  bodies  of  land 
actually  cultivated  and  large  bodies  of  land  will  forever  remain  uncultivated,  and 
the  management  of  the  uncultivated  lands  is  vital  to  success  on  the  cultivated  lands. 
If  the  water,  the  timber,  and  the  grass  are  to  be  utilized  and  protected  from  de¬ 
struction— and  all  of  the  values  inhering  in  them  are  liable  to  destruction  to  a  greater 
or  less  extent  by  mismanagement— then  these  people  who  are  interested  therein 
should  have  control  and  management  of  the  unoccupied  lands  as  a  body  politic, 
and  should  be  allowed  to  make  their  own  rules  and  regulations  for  its  protection 
and  use. 

There  is  another  great  fact  to  be  brought  out  in  the  consideration  of  the  upper 
Arkansas  district.  I  spoke  of  Canyon  City  as  being  in  the  neighborhood  of  a  critical 
point  on  the  river.  Above  in  the  mountain  region  the  rivers,  all  the  streams,  are 
clear  water,  and  they  run  usually  in  deep,  narrow  canyons;  but  there  are  mountain 
valleys  along  water  courses,  in  some  places  especially,  where  the  waters  are  to  be 
stored.  But  on  leaving  the  mountains  below  Canyon  City  the  waters  speedily  be¬ 
come  turbid,  as  they  are  loaded  with  mud.  The  streams  are  no  longer  deep,  swift, 
and  clear,  but  they  become  broad,  shallow,  and  muddy.  Now  the  best  place  to  take 
out  these  waters  for  irrigation  is  here  near  Canyon  City,  before  they  become  loaded 
with  mud.  Experience  shows  that  this  mud  is  of  no  value  to  agriculture,  but  that 
it  clogs  and  chokes  the  canals  and  water-ways,  so  that  it  is  difficult  to  maintain  irri¬ 
gation  works,  and  the  sandy  water  injures  the  soil.  The  waters  are  taken  out  below 
after  they  have  become  more  or  less  muddy,  but  always  to  a  disadvantage.  But, 
still  more,  the  waters  are  now  taken  out  from  point  to  point  along  the  valley  from 
Canyon  City  nearly  down  to  the  Kansas  line  in  a  most  wasteful  and  expensive  man¬ 
ner.  One  or  two  high-line  ditches  on  either  side,  with  laterals  running  toward  the 
river,  should  be  constructed  so  as  to  control  all  the  waters  of  the  Arkansas,  and 
this  must  ultimately  be  done  for  economy’s  sake.  This  economy  appears  in  two 
ways:  First,  the  works  necessary  to  be  made  can  be  made  much  more  cheaply  by 
that  plan;  second,  the  waste  of  water  is  much  less.  But  in  order  to  carry  out  the 
water  in  this  manner  the  rights  already  acquired  by  the  water  companies  to  carry 
water  below  for  shorter  distances  and  near  to  the  river  must  be  extinguished.  The 
existing  rights,  therefore,  are  obstructive  rights;  they  constitute  an  obstruction  to 
the  development  of  the  entire  region,  and  they  constitute  an  obstruction  to  the 
-cheapest  method  of  supplying  the  country  with  water. 

It  is  thus  that  obstructive  rights  are  established — rights  inhering  in  water  com¬ 
panies  as  distinct  from  the  rights  of  the  farmers  cultivating  the  soil.  If  a  river  is 
taken  out  at  numerous  points  along  its  course  to  irrigate  a  section  of  country  close 
to  the  river,  lands  that  lie  in  the  flood-plane,  the  lands  themselves  can  never  be 
properly  drained  and  only  the  poorest  agriculture  can  be  carried  on.  But  if  the 
waters  are  taken  high  up  on  lands  that  have  natural  drainage  or  that  can  be  drained 
at  little  expense,  the  agriculture  will  be  very  greatly  improved.  Then  a  multi¬ 
plicity  of  small  dams  along  a  stream  involves  the  construction  of  many  lines  of 
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canal,  which  are  in  the  aggregate  expensive,  and  water  lost  by  them  through  evap¬ 
oration  and  seepage  is  very  great;  and  so  all  the  water  is  not  used.  To  take  the 
water  of  the  Arkansas  out  by  great  canals,  as  I  have  indicated,  would  be  to  double 
or  treble  the  area  irrigated,  and  the  lands  cultivated  would  be  better  acre  for  acre, 
and  the  cost  of  irrigating  the  entire  tract  by  the  high-line  canals  would  be  no  greater 
than,  and  perhaps  not  so  great  as,  to  irrigate  the  small  tracts.  But  there  is  another 
con  lition  of  great  importance  in  this  connection.  On  the  broad  valley  where  these 
mountain  streams  enter  the  valleys  and  plains  below  and  spread  out  over  the  sands, 
the  waters  permeate  these  sands  for  wide  distances  on  either  side  and  are  by  them 
re-evaporated  to  the  heavens;  so  that  a  great  flood  of  water  may  come  from  the 
mountains  and  pour  onto  the  plains,  but  it  will  not  be  carried  far  down  toward  the 
Kansas  line,  for  it  steadily  diminishes,  being  lost  in  the  sands,  which  send  it  back 
to  the  air.  The  nearer  the  water  can  be  taken  out  to  the  critical  point  which  I 
have  indicated  the  greater  the  amount  of  water  which  can  be  saved.  So  that  there 
are  four  reasons  why  the  water  should  be  taken  out  at  this  critical  point,  each  one 
substantial  and  important  in  itself  and  each  one  sufficient  to  control  the  matter, 
while  altogether  they  are  so  important  that  they  can  not  be  neglected.  These  four 
reasons  are:  First,  high-line  canals  are  least  expensive;  second,  they  save  water  which 
would  be  lost  by  absorption  and  evaporation  in  the  numerous  low-line  canals;  third, 
they  carry  the  water  to  better  lands;  fourth,  they  save  the  water  from  being  evap¬ 
orated  in  the  sands  of  the  lower  basin. 

We  next  come  to  a  consideration  of  the  Fountain  district.  Coming  down  from 
around  Pike’s  Peak  we  have  a  beautiful  stream  of  water,  all  of  which  can  be  used 
in  its  valley  below  before  reaching  the  Arkansas  itself,  as  indicated  by  the  lines 
which  I  have  drawn  on  the  map.  Now  the  people  who  live  on  these  irrigable  lands 
below  are  dependent  upon  the  catchment  areas  above,  and  are  interested  in  the 
preservation  of  the  forests,  alike  for  agricultural  purposes  and  that  they  may  use 
the  timber;  they  are  the  only  people  directly  and  economically  interested  in  them; 
and  they  are  all  interested  in  common  in  the  same  tilings — the  water,  the  timber, 
and  the  pasturage.  They  also  must  construct  storage  reservoirs  above  them  and 
must  run  canals  on  lands  which  they  do  not  own.  From  the  Fountain  eastward  to 
the  Kansas  line  and  from  the  divide  between  the  Platte  alid  the  Arkansas  on  the 
north  down  to  the  boundary  of  the  great  Upper  Arkansas  basin  which  I  have  de¬ 
scribed,  you  see  there  is  a  great  district  on  the  plains.  The  streams  in  that  district 
head  in  the  highlands  at  the  north.  They  are  Chico  Creek,  Horse  Creek,  Rush 
Creek,  and  Big  Sandy  River,  with  some  minor  streams.  These  streams,  not  head¬ 
ing  in  the  mountains,  are  not  perennial;  they  are  only  wet-weather  streams.  Often 
fine  streams  are  running  about  their  sources  when  no  water  is  found  in  their  lower 
courses  nearer  the  Arkansas,  the  waters  sinking  away  and  being  lost  in  the  sands, 
where  they  are  evaporated.  I  have  thrown  all  of  these  into  one  great  district. 
About  the  headwaters  of  the  streams  there  are  pinons  and  cedars,  but  very  little 
forest  growth  valuable  for  commercial  purposes.  The  region  is  ultimately  to  be  one 
chiefly  devoted  to  pasturage  purposes.  Still,  much  land  may  be  cultivated  by  the 
storage  of  the  storm-waters.. 

South  of  the  Arkansas  we  have,  first,  the  St.  Charles  River,  not  a  very  large 
stream,  but  its  waters  can  all  be  stored  and  all  used  within  its  own  valley  before 
reaching  the  Arkansas,  in  the  district,  which  I  have  outlined  as  you  see  on  the  map. 
Passing  eastward,  we  come  to  the  Huerfano  River,  a  fine  mountain  stream  heading- 
in  high  mountains  and  having  abundant  basins  for  the  storage  of  its  waters.  Here 
as  on  the  St.  Charles  and  on  the  Upper  Arkansas  basin  and  elsewhere,  the  people 
are  interested  in  the  preservation  of  the  forests,  in  order  that  their  sources  of  water 
supply  may  be  protected;  and  they  are  also  interested  in  the  preservation  of  the 
grasses.  They  have  three  great  values,  which  they  must  protect,  in  water,  timber, 
and  grass,  and  they  should  be  allowed  to  protect  them  for  themselves,  for  they  are 
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the  only  people  who  have  a  direct  interest  in  them.  Then  come  the  Apishapa  River 
and  the  Animas  River,  each  constituting  an  independent  district.  In  the  Apishapa 
all  the  people  are  interested  in  the  three  great  problems.  The  same  is  true  with  the 
people  of  the  Las  Animas  Valley.  You  will  see  that  I  have  cut  off  a  district  along 
the  lower  part  of  the  Arkansas,  a  district  which  is  in  part  in  Colorado  and  should 
extend  two  or  three  degrees  into  Kansas.  This  district  has  its  own  drainage  area, 
and  will  largely  be  dependent  upon  the  storage  of  storm- waters;  but  the  waters 
which  escape  into  the  sand  basin  of  the  river  itself  can  he  utilized  and  be  brought 
up  to  the  surface  by  pumps  or  by  gravity;  that  is,  the  upper  portions  of  the  sand 
basin  ma|\  be  drained  onto  the  lower  portions,  and  much  irrigation  may  be  devel¬ 
oped  thereby.  There  will  often  escape  from  the  other  districts  more  or  less  water, 
especially  at  flood  times  and  seasons  of  great  rain,  all  of  which  will  flow  down  into 
this  lower  district,  and  can  there  be  caught  and  used  in  irrigation.  In  the  western 
half  of  the  United  States  the  total  rainfall,  if  evenly  distributed  throughout  the 
country,  would  be  pretty  great. 

Mr.  PiCKLER.  In  the  western  half  ? 

Director  Powell.  Yes,  in  the  western  half.  In  this  region  of  country  I  am 
speaking  of  there  is  considerable  rainfall,  but  it  is  not  evenly  distributed  from 
region  to  region.  It  varies  from  3  inches  to  60  or  70  inches  annually. 

The  Chairman.  The  mean  annual  rainfall  ? 

Director  Powell.  Yes,  the  mean  annual  rainfall.  This  is  dependent  upon  com¬ 
plex  conditions.  Generally  the  rainfall  increases  from  north  to  south,  due  to  the 
configuration  of  the  coast  and  the  trend  of  the  great  oceanic  currents.  The  rain¬ 
fall  increases  from  the  lowlands  to  the  highlands  also,  so  that  taking  it  altogether 
the  chief  precipitation  of  rain  is  on  the  mountains.  When  the  clouds  gather  about 
the  mountains,  drifting  here  and  there,  there  are  great  storms,  while  the  valleys 
below  aie  quite  clear  ;  and  this  goes  on  month  after  month  and  year  after  year.  So 
the  waters  are  concentrated,  in  the  main,  in  the  mountains.  In  the  mountains 
there  may  be  25,  40,  or  60  inches  of  rain,  while  in  the  valleys  below  there  may  be 
only  3,  6,  10,  or  15  inches,  as  the  case  may  be. 

Mr.  Hansbrough.  What  is  the  average  in  the  western  region?  I  suppose  that 
could  not  be  ascertained  accurately. 

Maj.  Powell.  No,  sir;  but  I  should  say  about  20  inches. 

Mr.  Hansbrough.  That  is  sufficient  for  ordinary  agriculture. 

Maj.  Powell.  Yes,  if  it  is  distributed  through  the  year  well. 

The  Chairman.  A  statement  is  made  that  in  Portland  it  is  about  20  inches,  and 
at  San  Francisco  it  is  about  25  inches,  and  when  you  get  as  far  south  as  San  Diego 
it  is  less  than  10  inches  ;  so  there  is  a  gradual  diminution.  I  think  the  amount  of 
rainfall  required  for  the  production  of  crops,  for  an  ordinary  production,  would  be 
about  from  20  to  25  inches. 

Maj.  Powell.  It  depends  upon  when  it  falls ;  9  inches  of  rain  falling  during 
the  season  of  growing  crops  would  be  sufficient  for  the  growing  crops  if  it  would 
come  just  at  the  l  ight  time,  but  that  is  not  to  be  expected.  There  are  some  por¬ 
tions  of  Dakota  where  the  greater  part  of  the  rainfall  comes  during  the  season  of 
growing  crops,  and  there  are  other  regions  of  the  country,  say  in  Texas,  where  the 
maximum  rainfall  is  in  the  winter  time. 

Thus,  the  waters  fall  on  the  mountains  and  roll  dowm  in  rivers  to  the  sea.  About 
one-half  the  streams  of  the  arid  region  have  no  outlet  to  the  sea.  They  sink  in  the 
interior,  in  salt  lakes,  and  in  the  sand.  Only  about  one-half  of  the  streams  of  the 
aiid  legion  are  ultimately  discharged  into  the  sea.  In  these  regions,  where  the 
rainfall  is  not  more  than  10  or  12  inches,  veiy  little  of  the  water  gets  to  the  sea ;  it 
is  absorbed  by  the  sand  and  discharged  into  salt  lakes.  On  another  map,  which  I 
once  had  before  you,  the  region  where  the  waters  do  not  flow  to  the  sea  was  deline¬ 
ated.  All  of  this  region  along  the  plains  in  western  Kansas  and  eastern  Colorado 
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is  one  without  perennial  streams,  except  as  they  come  through  from  the  mountains 
beyond.  The  people  of  this  region  would  therefore  have  to  depend  largely  upon 
the  storage  of  storm-waters.  But,  on  the  other  hand,  the  lainfall  gradually  in¬ 
creases  as  we  go  eastward ,  so  that  there  are  many  seasons  when  ii ligation  is  not 
necessary  ;  and  in  those  years  when  it  is  necessary  a  smaller  supply  of  watei  need 
be  furnished  artificially. 

The  horn-  of  12  having  arrived,  the  question  was  discussed  by  the  committee 
whether  Major  Powell  should  be  further  heard  at  this  meeting. 

Mr.  Herbert.  I  move  that  the  meeting  adjourn  until  Saturday,  and  it  be  under¬ 
stood  that  Major  Powell  commences  talking  at  half  past  10  o'clock,  whether  there  is 
anybody  to  talk  to  except  the  chairman  or  not. 

Thereupon  the  committee  adjourned  until  half  past  10  o  clock  Satuiday  morning, 
March  1. 


Committee  on  Irrigation, 

Saturday,  March  1,  1890. 

The  committee  met  pursuant  to  adjournment,  Mr.  Vandever  in  the  chair. 

statement  of  maj.  J.  w.  powell — continued. 

Maj.  J.  W.  Powell,  Director  of  the  Geological  Survey,  addressed  the  committee 
as  follows: 

Mr.  Chairman  and  gentlemen  of  the  committee,  I  place  before  you  to-day  a  map 
of  the  Rio  Grande,  including  all  the  area  drained  by  that  stream  north  of  the  Texas 
line.  There  are  some  important  facts  relating  to  the  utilization  of  the  arid  lands 
which  can  be  well  elucidated  by  considering  that  region  of  country,  and  I  present 
the  map  again  for  that  region.  In  talking  to  you  at  the  last  meeting  about  the  irri¬ 
gation  problems  presented  in  the  valley  of  the  Arkansas  I  called  youi  attention  to 
the  fact  that  that  valley  could  be  divided  into  districts,  each  one  an  independent 
unit.  The  whole  arid  region  may  be  divided  in  like  manner  into  natural  districts 
or  drainage  basins,  each  one  of  which  lias  its  problems  so  interwoven  that  the  entire 
district  must  be  considered  in  planning  its  system  of  irrigation  works,  but  which  is 
practically  independent  of  all  other  districts.  These  hydrographic  basins,  as  I  call 
them,  are  of  three  classes,  viz,  headwater  districts,  river-trunk  districts,  and  lost 
stream  districts. 

The  headwater  districts  commence  in  the  mountains  and  extend  down  the  streams 
far  enough  to  include  catchment  areas  and  farming  areas.  They  are  found  not  only 
on  the  main  streams,  but  on  all  perennial  laterals  or  tributaries.  Usually  each  lat¬ 
eral  or  tributary  forms  a  natural  district  by  itself.  But  the  great  rivets  flow  on 
across  the  plains  and  down  the  great  valleys,  and  their  trunks  must  be  divided  into 
districts,  each  one  of  which  presents  an  independent  system  of  works.  These  I  call 
river-trunk  districts.  Then  in  the  arid  lands  there  are  many  streams  which  do  not 
flow  into  great  rivers  and  ultimately  to  the  sea,  their  waters  being  lost  in  the  sands 
or  emptying  into  salt  lakes.  These  I  call  lost  stream  districts.  All  three  classes  of 
districts  are  illustrated  in  the  Arkansas  basin,  as  I  presented  the  subject  to  you  at 
the  last  meeting,  and  all  of  these  classes  are  represented  in  the  Rio  Grande  region, 
the  map  of  which  is  before  you. 

In  considering  this  subject  and  planning  the  work  of  the  irrigation  survey  it  has 
been  found  that  a  natural  district  or  hydrographic  basin  must  be  considered  as  a 
unit  in  which  all  the  problems  are  interrelated.  In  order  to  report  upon  a  district 
and  recommend  a  plan  of  works  we  must  know  for  such  district  how  much  water 
will  be  supplied  for  irrigation,  where  the  diverting-dam  sites,  reservoir  sites,  and 
canal  sites  are  situated,  and  where  the  lands  to  be  irrigated  lie.  And  it  has  been 
found,  after  a  careful  examination  and  from  the  best  data  we  have  on  hand,  that 
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there  will  be  about  one  hundred  and  fifty  such  districts  in  the  arid  region,  and  that 
if  the  survey  is  carried  out  it  will  need  a  separate  report  on  each. 

I  have  therefore  found  it  necessary,  for  the  administration  of  the  Survey,  to  con¬ 
sider  these  hydrographic  basins,  and  have  been  studying  them  for  some  time’ in  fact 
foryears  before  the  survey  was  organized,  for  I  early  recognized  that  ultimately  these 
•natural  features  would  present  conditions  which  would  control'the  engineering  pro¬ 
blems  of  irrigation  and  which  would  ultimately  control  the  institutional  or  legal 
problems.  The  study  which  I  have  made  in  this  direction  can  not  of  course  be  con¬ 
sidered  final.  An  actual  survey  on  the  ground  is  necessary  to  define  the  limits  of 
each  basin,  and  a  very  careful  survey  is  especially  necessary  to  define  the  limits  of 
the  trunk  districts.  The  headwater  districts,  or  those  of  the  first  class,  and  the  lost 
stream  districts,  or  those  of  the  third  class,  are  quite  easily  discovered;  but  the  dis¬ 
tricts  of  the  second  class  require  very  careful  study  for  their  determination.  The 
meaning  of  this  will  more  fully  appear  from  the  illustrations  which  I  am  able  to 
present  to  you  to-day  in  considering  the  Rio  Grande  Valley. 

First,  we  have  the  Saguache  River,  a  river  with  tributaries — a  number  of  beauti¬ 
ful  creeks.  The  river  flows  into  a  sink,  and  the  drainage  is  lost  in  the  sands.  Now, 
the  utilization  of  that  water  affects  that  valley  only.  It  is  independent  of  all  the 
other  regions  of  the  country. 

The  Chairman.  Do  you  not  think  there  is  a  possibility  of  its  finding  an  outlet 
into  the  channel  of  the  Rio  Grande  below  at  some  distant  point? 

Maj.  Powell.  Not  to  any  amount.  The  region  of  country  at  the  sink  is  one  of 
sand  and  the  water  sinks  in  these  sands  and  is  evaporated.  It  is  only  on  verv  rare 
occasions-many  years  apart-tlmt  there  will  be  a  great  flood  which  will  cause  it  to 
overflow  and  open  a  channel  to  the  Rio  Grande.  In  ordinary  years  all  the  water 
which  is  used  must  be  in  the  valley  here  [indicating],  hence  it  is  an  independent 
basm.  This  is  what  I  call  a  district  of  the  third  class— a  lost  river  district.  It  will 
be  noticed  that  in  this  district  the  people  who  engage  in  agriculture  here  can  not 
possibly  have  any  conflict  about  water  rights  with  the  people  of  any  other  district. 
They  may  use  all  of  this  element  which  they  can  catch  and  spread  it  upon  their 
lands,  and  nothing  will  be  cut  off  from  any  other  district;  nor  can  they  obtain 
water  from  any  other  district  to  put  upon  their  lands.  And  they  are  interested  not 
only  in  the  water,  they  are  interested  in  the  forests  about  the  fountains  whence 
their  waters  come,  and  they  are  the  people  who  should  be  interested  in  the  grasses 
which  glow  in  the  valleys  and  on  the  hills  and  mountain  slopes. 

The  Saguache  district,  therefore,  is  clearly  defined  in  nature.  Its  boundary  is 
marked  everywhere  by  the  parting  of  the  waters. 

Passing  over  to  the  Rio  Grande  proper  we  have  the  San  Luis  district,  which  is 
also  a  headwater  district.  The  San  Luis  Park  is  a  beautiful  tract  of  land,  and  high 
mountains  stand  around  it  and  gather  great  quantities  of  water.  This  is  a  region 
lately  redeemed  for  agriculture,  but  already  all  the  flow  of  critical  years  with 
extreme  dry  seasons  is  used  in  agriculture,  and  the  companies  that  are  specially 
interested  m  these  water  rights  are  preparing  to  store  and  use  all  its  waters  which 
flow  throughout  the  season.  It  may  be  possible  that  they  can  use  all,  and  that  the 
area  of  good  land  to  be  cultivated  will  be  sufficient.  We  do  not  yet  know  the 
amount  of  water  that  flows  in  the  streams,  nor  do  we  know  the  amount  of  °-00d 
available  land.  Be  this  as  it  may,  we  are  able  to  state  that  this  great  district  is  a 
unit,  and  that  it  must  be  considered  as  such  in  planning  the  proper  system  of  irriga¬ 
tion  works,  and  that  its  people  as  a  body  will  be  interested  in  the  management  of 
its  waters,  its  forests,  and  its  pastures.  And  they  are  the  only  people  to  be  inter¬ 
ested,  except  to  this  extent,  that  if  the  waters  are  not  used  here  they  will  flow  into 
trunk  districts  below  to  be  used  there.  If  the  people  of  the  districts  below,  in  New 
Mexico,  could  lay  an  embargo  upon  irrigation  in  the  San  Luis  Valley,  larger  areas  in 
ew  Mexico  could  be  cultivated,  but  the  loss  of  water  on  the  way  would  be  such 
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that  they  would  not  equal  in  area  ot  lands  that  could  be  irrigated  in  Colorado  It 
is  therefore  manifestly  to  the  advantage  of  the  agricultural  interests  of  the  country 
that  the  people  of  Colorado  who  live  in  the  San  Luis  Valley  should  be  permitted  to 
develop  their  agriculture  to  the  utmost  and  use  all  the  waters  that  they  can  nut 
upon  good  agricultural  lands.  1 

The  Rio  Grande,  in  crossing  the  line  between  Colorado  and  New  Mexico  enters 
a  canyon  and  flows  for  about  50  miles  through  the  gorge,  and  its  waters  can  not 
be  taken  out  along  this  stretch.  This  canyon  ends  where  Taos  River,  coming  from 
le  east,  joins  the  Rio  Grande.  The  Taos  is  a  beautiful  stream,  and  all  of  its  waters 
can  be  used  m  its  own  valley-all  that  run  during  the  season  of  irrigation,  and 
ali  that  can  be  stored,  so  that  the  waters  of  the  Taos  may  ultimately  be  cut  off  from 
the  Rio  Grande. 


The  region  of  country  on  either  side  of  the  canyon  of  which  I  have  made  men- 
ion  Embudo  Canyon— has  lava  fields  and  is  not  agricultural;  but  some  fair  tim¬ 
ber  grows  there  and  much  water  comes  down  into  the  canyon,  so  that  when  the 
river  emerges  into  the  vafley  at  the  foot  of  Embudo  Canyon  it  is  a  fine  stream,  and 
must  always  be  so  whatever  water  is  taken  out  in  Colorado  above.  Some  40  or  50 
miles  below  the  river  enters  another  canyon.  Between  these  two  canyons  lies  the 
valley  of  San  Ildefonso,  into  which  come  some  small  creeks  from  the  east,  and  the 
water  of  the  Rio  Grande  can  be  taken  out  at  the  foot  of  Embudo  Canyon  and  spread 
over  the  San  Ildefonso  Valley  and  make  here  a  river-trunk  district  of  the  second 
class.  This  is  a  district  also  well  defined  in  nature.  Its  catchment  area  is  lava  fields 
above  and  mountains  on  every  hand,  and  its  irrigable  or  farming  area  is  the  low 
valley  sti  etching  back  from  the  Rio  Grande  on  either  side. 

Near  the  foot  of  San  Ildefonso  the  Chama  enters  from  the  west.  The  Chama  is 
a  large  river  for  that  country ,  and  its  tributaries  drain  great  mountains,  and  there 
are  many  beautiful  valleys  scattered  about  through  the  region.  The  lower  portion 
of  the  Chama  runs  through  a  sand  plain,  and  these  sands  are  volcanic  ashes  which 
drift  and  blow  into  the  river  and  fill  it  with  sediment.  The  Rio  Grande  above  the 
mouth  of  the  Chama  is  a  clear,  beautiful  river,  but  at  the  mouth  of  the  Chama  it 
is  transformed  by  the  mud  of  the  Chama  itself.  It  then  becomes  a  river  of  mud  and 
continues  such  to  the  Gulf,  as  it  takes  up  sands  along  its  way.  The  Chama  basin 

is  another  natural  basin,  having  timber  lands,  pasturage  lands,  and  agricultural 
lands. 


At  the  foot  of  San  Ildefonso  Valley  the  Rio  Grande  enters  White  Rock  Canyon 
and  continues  its  course  through  a  deep  gorge  for  40  or  50  miles.  Along  this  course 
its  waters  can  not  be  used  for  irrigation.  The  canyon  walls  are  hundreds  of  feet 
and  in  some  places  more  than  a  thousand  feet,  above  the  waters.  But  the  high  vol¬ 
canic  plateau  on  the  east  furnishes  a  notable  amount  of  water  to  this  stream,  and 
on  the  west  there  is  a  group  of  great  volcanoes  from  which  many  beautiful  streams 
flow,  so  that  if  all  the  water  should  be  cut  off  at  the  head  of  White  Rock  Canyon 
there  would  still  come  into  the  Rio  Grande,  through  the  course  of  this  gorge,  a 
large  body  of  water  to  be  used  below— water  which  can  not  be  used  elsewhere,' as 
none  of  the  streams  above  on  either  side  of  the  canyon  have  agricultural  lands  along 
their  courses.  But  they  have  great  forests.  Here  some  of  the  finest  forests  of  New 
Mexico  are  found.  This  is  the  great  catchment  area  for  the  valley  below  White 
Rock  Canyon. 

Some  flood  waters  will  always  come  down  the  Rio  Grande  from  San  Ildefonso 
Valley ,  however  thoroughly  the  country  may  be  utilized,  and  additional  water  will 
be  caught  in  the  canyon  itself,  and  so  the  valley  below  will  have  a  good  supply. 
White  Rock  Canyon  empties  below  into  a  valley  which  I  shall  call  the  Albuquerque 
Valley.  In  it  lies  Bernalillo,  Albuquerque,  Los  Lunas,  Socorro,  and  other  towns. 

ow,  all  the  water  that  comes  out  of  White  Rock  Canyon  can  be  used  in  the  Albu¬ 
querque  Valley,  as  it  may  be  diverted  below  the  White  Rock  Canyon  and  carried  out 
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and  stored  on  the  flanks  of  the  valley.  There  is  now  much  agriculture  in  this  val¬ 
ley,  and  some  of  it  is  very  ancient.  Including  the  catchment  area  about  White 
Rock  Canyon  and  the  hills  and  mountains  on  eithei'  side,  and  the  valley  where  agii- 
culture  can  be  carried  on',  we  have  another  natural  district  or  hydrographic  basin 
a  district  of  the  second  class,  or  stream-trunk  district.  Now,  it  will  be  seen  that  all 
the  water  to  be  used  in  this  great  valley  comes  from  the  mouth  of  White  Rock 
Canyon.  Whoever  has  control  of  that  point — owns  that  dam  site  and  has  the  right 
to  take  the  water  out  of  its  natural  channel  and  carry  it  into  canals— has  command 
of  all  the  agriculture  of  that  great  district. 

I  wish  to  explain  further  that  the  people  who  have  settled  here  have  taken  out 
the  waters  of  the  Rio  Grande  and  utilized  them  during  the  season  of  irrigation,  but 
they  have  not  yet  resorted  to  storage,  and  the  waters  which  they  use  are  used  to 
very  poor  advantage.  Tiie  flood  plain,  or  strip  of  country  next  to  the  river,  which 
is  sometimes  overflowed,  is  broad  and  sandy;  the  uiver  itself  is  shallow  and  is  a 
river  of  mud,  and  it  is  very  wide,  so  it  flows  into  these  sands  and  is  evaporated  to  a 
very  large  extent  and  thus  lost  to  agriculture.  Then  the  people  have  constructed 
low-line  ditches  near  to  the  Rio  Grande,  and  take  out  the  water  by  a  system  ■which 
is  exceedingly  wasteful  and  which  is  destroyed  more  or  less  with  every  flood.  Ulti¬ 
mately  they  will  find  it  to  their  advantage  to  take  the  water  higher  up,  near  the 
mouth  of  White  Rock  Canyon,  and  carry  it  out  by  high-line  canals,  and  store  the 
surplus  in  the  lateral  valleys.  By  this  means  the  area  of  agriculture  in  the  valley 
can  be  increased  five  or  ten  fold. 

Mr.  Lanham.  Suppose  this  dam  is  constructed  that  you  speak  of  here 

Director  Powell.  At  the  mouth  of  White  Rock  Canyon  ? 

Mr.  Lanham.  Yes,  sir.  What  effect  would  that  have  upon  the  supply  of  water 
below  that  point  of  the  stream? 

Director  Powell.  They  could  take  out  all  the  water  for  canals  below  by  con¬ 
structing  a  dam  at  White  Rock  Canyon.  It  is  possible  to  take  all  the  watei  of  the 
Rio  Grande  there  during  the  season  of  irrigation.  It  is  also  possible  to  take  out  all 
the  water  there  during  the  non-irrigating  season.  If  the  water  for  the  non-irrigat¬ 
ing  season  is  to  be  stored,  you  are  compelled  to  take  it  out  theie.  You  can  not  take 
it  out  bv  the  present  ditches,  for  they  do  not  lie  on  high  enough  ground,  but  if  a 
canal  is  constructed  from  the  mouth  of  White  Rock  Canyon,  and  a  diverting  dam 
built  there,  and  lakes  made — there  are  good  places  all  the  water  can  be  used  in 
the  valley.  So,  not  only  is  it  necessary  to  take  the  water  out  at  that  one  point  and 
utilize  the  entire  flow’  during  the  season  of  irrigation,  but  it  is  also  necessary  to  take 
it  out  at  that  point  in  order  to  store  the  water  which  now  runs  to  waste.  So  that  if 
the  water  is  taken  out  at  this  one  point,  all  together,  the  area  of  irrigation  will  be 
multiplied  ten  times.  But  that  can  not  be  done  without  considering  the  rights  of 
the  people  who  now  use  some  of  the  water  by  improvident  and  obstructive  dams. 

Mr.  Lanham.  If  you  store  the  water  above  here  by  means  of  this  dam  you  speak 
of,  what  is  going  to  be  the  effect  upon  the  flow  of  the  stream  say  100  or  150  miles 
below? 

Director  Powell.  I  suppose  that  if  the  water  was  wholly  taken  out  here  at  this 
point,  the  water  which  could  be  utilized  at  El  Paso  would  be  very  small,  provided  no 
water  is  stored  and  only  the  water  running  during  the  irrigating  season  is  used.  If 
all  the  water  should  be  taken  out  here  and  stored,  it  would  cut  off  more  than  two- 
thirds  of  the  flow’  at  El  Paso;  but  in  doing  that  you  would  irrigate  a  million  or  two 
acres  of  land  above  here,  and  if  you  allowed  it  to  flow’  down  theie  it  would  irrigate 
40,000  or  60,000  acres  of  land  only,  as  it  is  wasted  on  the  way  down  by  evaporation 
in  the  sands. 

Mr.  Herbert.  If  all  the  water  was  stored  at  that  point  you  have  indicated  above 
here,  and  if  utilized,  would  it  be  sufficient  to  irrigate  all  the  lands  that  could  be 
rendered  arable  along  the  Albuquerque  Valley? 

Director  Powell.  No,  sir. 


THE  ARID  LANDS. 


219 

Mr.  Herbert.  Then  there  is  no  water  supply  here  that  can  be  used  to  irrigate  the 
%vliole  valley  ? 

Director  Powell.  No,  sir;  there  is  not  enough  water  here,  and  I  doubt  if  half 
the  land  can  be  irrigated. 

Mr.  Herbert.  This  is  a  valley  extending  from  Bernalillo  down  to  or  below  So¬ 
corro  ? 

Director  Powell.  From  White  Rock  Canyon  past  Albuquerque. 

Mr.  Herbert.  Then  it  would  take  all  the  water  that  would  otherwise  have  been 
stored  by  this  dam  at  El  Paso  ? 

Director  Powell.  Not  all  the  water,  because  there  are  some  feeders  down  below. 

Mr.  Herbert.  If  the  water  along  all  these  feeders  of  the  Rio  Grande  was  used  as 
soon  as  it  could  be  utilized  to  advantage  at  points,  it  would  reallv  drv  up  the  Rio 
Grande  down  to  El  Paso? 

Director  Powell.  For  aU  practical  purposes  for  irrigation.  It  is  possible  to  cut 
off  all  of  the  water  of  the  Rio  Grande  above  El  Paso  which  can  be  utilized  for  irri¬ 
gation.  It  is  possible  to  cut  it  all  off  at  one  place  or  a,nother. 

Mr.  Herbert.  And  use  all  to  advantage  above? 

Director  Powell.  And  use  all  to  advantage  above. 

The  Chairman.  Storm  water  and  all  ? 

Director  Powell.  No,  sir;  only  the  stream  flow  of  the  Rio  Grande. 

Mr.  Lanham.  What  do  you  say  about  the  torrential  flow  there? 

Director  Powell.  Let  me  explain  that.  Irrigation  has  a  peculiar  limit  that  must 
be  always  understood.  The  amount  of  water  falling  in  the  valley  of  the  Rio  Grande 
annually  from  year  to  year  varies.  One  year  it  will  be  from  8  to  10  inches,  taking 
the  whole  country ,  mountains  and  all.  Another  year  in  the  valley  of  the  Rio  Grande 
it  may  amount  to  20  inches.  Years  of  smallest  rainfall  limit  the  amount  of  agri¬ 
culture,  unless  the  water  be  stored  from  one  year  to  another,  for  if  you  develop 
irrigation  beyond  the  minimum  year  and  do  not  store  for  the  critical  year,  you  will 
have  some  years  when  the  agriculture  will  be  disastrous,  while  other  years  it  will  be 
successful.  When  the  disaster  comes  it  is  absolute;  the  fields  dry  up.  When  the 
disasters  are  absolute,  or  when  the  people  can  not  irrigate  their  lands  for  one  or  two 
entire  seasons,  that  agricultural  community  is  destroyed.  They  not  only  lose  all  of 
the  crops  of  that  year,  but  they  lose  all  of  their  vines  and  all  of  their  fruit  trees. 
One  or  two  dry  seasons  coming  together  in  this  manner  are  so  disastrous  that  the 
people  can  not  live  on  their  lands;  they  are  compelled  to  go  away.  Hence  the  irri¬ 
gation  is  limited  by  the  dry  seasons.  If,  then,  all  the  water  is  used  in  one  region 
above  to  its  utmost  capacity  of  the  dry  season,  that  destroys  the  region  below,  for  in 
the  dry  season  there  is  no  storm  water  below. 

Off  to  the  east,  here  as  you  see  on  the  map,  is  the  Santa  Fe  Creek,  on  which  the 
city  of  Santa  Fe  is  situated.  It  also  constitutes  a  distinct  basin  with  irrigable  lands, 
timbei  lands,  and  pasturage  lands,  and  all  its  waters  can  be  caught  and  used  in  the 
Santa  Fe  Valley,  so  that  no  considerable  amount  will  ultimately  flow  from  the  Santa 
Fe  Creek  into  the  Rio  Grande. 

On  the  west  we  have  the  Jemez  River,  where  another  natural  district  of  the  first 
class  is  found.  The  Jemez  River  drains  the  Tewan  Mountains  and  plateau.  The 
catchment  area  is  well  wooded.  Fine  forests  are  found  and  great  mountain  meadows 
are  seen,  but  the  land  above  is  cold  and  is  not  valuable  for  agriculture,  except  for 
past ui age,  and  perhaps  a  little  hay  may  be  cut  with  advantage.  The  many  streams 
\\  liicli  head  in  the  Tewan  Mountains  and  plateau  find  their  way  into  deep  canyons. 
On  leaving  the  mountains,  near  Jemez  Pueblo,  the  whole  body  of  the  stream  can  be 
taken  out  and  put  on  the  mesa  above  Albuquerque  or  west  of  Albuquerque  and 
Bernalillo.  It  is  another  natural  hydrographic  basin  of  the  first  class. 

Below  Albuquerque  we  have  the  Rio  Puerco.  All  of  its  waters  can  be  used  in  the 
uppei  poition  of  its  valley,  and  there  is  much  more  land  than  the  water  will  serve. 
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Very  little  water  ever  runs  into  the  Rio  Grande  from  the  Puerco,  and  that  comes 
only  at  flood  time.  It  is  a  hydrographic  district  of  the  third  class,  with  irrigable, 
timber,  and  pasturage  lands  and  with  many  fine  sites  for  reservoirs. 

Where  the  Albuquerque  district  should  end  and  the  next  district,  embracing  the 
Mesilla  Valley  and  the  El  Paso  Valley,  should  begin,  I  am  not  able  to  state,  but 
from  such  information  as  I  have  been  able  to  collect  I  believe  that  below  Socorro  a 
new  natural  division  can  be  made. 

Mr.  Herbert.  Could  I  interrupt  you  to  ask  how  much  of  that  territory  is  private 
property — say  from  the  source  of  the  Rio  Grande  to  its  mouth  ? 

Director  Powell.  It  is  impossible  for  me  to  give  an  answer. 

Mr.  Herbert.  Well,  above  El  Paso? 

Director  Powell.  The  circumstances  are  peculiar  in  New  Mexico.  There  are  old 
Spanish  claims  of  millions  of  acres.  The  claims  that  have  been  actually  confirmed 
are  few  in  number.  The  unconfirmed  claims  are  very  gfeat  in  the  aggregate.  The 
amount  which  has  been  taken  up  by  homestead  and  preemption  act  and  other  laws 
for  disposing  of  the  public  domain  is  not  very  great. 

Mr.  Herbert.  Are  there  any  railroad  grants  crossing  the  Rio  Grande? 

Director  Powell.  There  are  grants  along  the  Atlantic  and  Pacific,  but  I  believe 
they  have  not  been  confirmed. 

Mr.  Herbert.  Has  the  Texas  Pacific  any  grants  crossing  there  ? 

Mr.  LANHAM.  That  is  lower  down. 

Mr.  Herbert.  Has  the  Denver  and  Rio  Grande  any  ? 

Director  Powell.  I  believe  not.  In  the  main  the  most  of  the  land  grants  in  all 
the  southern  half  of  the  United  States  include  but  small  amounts  of  irrigable  land. 
The  conditions  for  running  the  best  railroad  lines  controlled  them,  and  they  kept 
out  of  regions  of  country  which  are  more  broken  and  furnish  water  in  abundance. 
That  is  true  of  the  Texas  and  Pacific  or  Southern  Pacific  and  the  Atlantic  and 
Pacific  and  of  the  Union  Pacific  and  Central  Pacific.  They  had  little  idea  at  the 
time  that  these  irrigable  lands  would  be  valuable,  and  they  left  them  to  one  side; 
but  they  embrace  irrigable  lands  sometimes.  I  have  the  grants  platted  on  a  map  at 
my  office,  and  could  bring  the  map  to  the  committee  if  so  desired. 

Mr.  Herbert.  We  would  be  glad  to  have  you  append  it  to  your  testimony. 

Director  Powell.  Very  well. 

Let  us  go  on  to  consider  the  region  of  the  Rio  Grande  below,  from  Socorro  to  a 
point  on  the  river  30  or  40  miles  below  El  Paso.  Here  there  are  two  valleys,  Me¬ 
silla  Valley  above  El  Paso  and  the  valley  below,  a  part  of  which  is  in  the  Republic 
of  Mexico  and  a  part  in  Texas.  Now,  it  is  possible  to  cut  off  from  these  two  val¬ 
leys  all  of  the  waters  which  flow  during  the  season  of  irrigation  in  critical  years 
and  destroy  all  the  agriculture  therein  unless  the  waters  of  the  nonirrigation  sea¬ 
sons  are  stored.  During  the  nonirrigating  season  large  bodies  of  water  come  into 
the  Rio  Grande  from  the  mountains  on  either  side.  There  are  high  mountains  to 
the  west  and  high  mountains  to  the  east,  but  there  are  few  perennial  streams  and 
they  are  only  small  creeks.  The  principal  body  of  the  water  comes  in  as  storm 
water.  But  the  area  is  pretty  large  and  its  waters  can  be  stored  immediately  above 
El  Paso  and  at  the  head  and  along  the  flanks  of  the  Mesilla  Valley.  At  the  Point 
of  Rocks,  at  the  head  of  Mesilla  Valley,  all  of  the  waters  of  the  Rio  Grande  can  be 
captured  again  and  be  taken  out  into  the  Mesilla  Valley  and  used  once  more.  The 
waters  of  the  nonirrigating  season  can  be  stored  on  the  flanks  of  the  valley,  and 
there  is  more  land  than  all  the  waters  will  serve.  Still  there  is  a  mountain  catch¬ 
ment  area  on  either  side  of  the  Mesilla  Valley  the  waters  of  which  will  flow 
through  the  valley  at  El  Paso  at  flood  times,  and  these  waters  can  be  stored  to  be 
used  in  the  valley  below  in  Texas  and  Old  Mexico.  But  I  do  not  think  there  is 
enough  of  these  waters  to  support  all  the  agriculture  now  developed  if  the  waters 
of  the  Rio  Grande  are  all  taken  out  at  the  Point  of  Rocks. 


THE  A  KID  LANDS. 


221 


To  maintain  the  irrigation  now  developed  in  the  El  Paso  and  Mesilla  Valleys 
some  division  of  the  waters  must  be  here  made.  The  catch  from  Socorro  down, 
coming  from  the  mountains  on  either  side,  and  the  surplus  which  may  come  down 
in  great  floods  from  the  Rio  Grande  above,  must  be  divided  between  the  Mesilla 
Valley  and  the  El  Paso  Valley  to  maintain  the  agriculture  already  established  and 
to  give  some  development  to  the  same.  Just  how  this  can  be  done  to  advantage  is 
not  known;  the  topographic  survey  has  not  proceeded  far  enough.  We  know 
where  the  waters  can  be  stored  for  the  El  Paso  Valley,  and  I  have  already  explained 
that  to  the  committee  some  days  ago.  We  can  create  a  great  reservoir  with  rea¬ 
sonable  economy  immediately  above  El  Paso;  we  can  also  create  a  reservoir  or 
series  of  reservoirs  in  the  Mesilla  Valley;  but  how  much  water  can  be  caught  and 
held  in  these  reservoirs  we  do  not  know,  and  can  not  know  until  the  topographic 
survey  is  completed,  for  on  that  we  depend  to  determine  the  water  supply.  It  is 
safe  to  say,  however,  that  the  reservoir  at  El  Paso  may  be  constructed,  and  I  in¬ 
cline  to  think  that  the  rights  to  the  •present  irrigation  in  the  Mesilla  Valley  may  be 
maintained,  and  the  rights  in  the  El  Paso  Valley  maintained,  and  that  irrigation 
in  both  districts  may  be  increased,  but  to  what  extent  and  to  what  size  these  reser¬ 
voirs  should  be  constructed  is  yet  unknown.  It  will  require  another  year’s  survey 
to  determine  these  facts.  This,  however,  is  certain,  that  there  can  be  no  develop¬ 
ment  of  irrigation  in  these  valleys  through  the  use  of  the  waters  of  the  irrigating 
season  only;  in  fact  the  present  agriculture  can  not  be  maintained  unless  the  waters 
are  stored. 

The  irrigation  already  developed  in  Colorado  and  the  upper  valleys  of  New  Mex- 
ito  is  destroying  the  agriculture  here.  Two  more  years  of  development  will  cut  it 
all  off  when  dry  seasons  come.  The  only  hope  for  these  valleys  is  through  storage, 
and  how  the  entire  problem  is  to  be  solved  by  storage  is  not  yet  known.  Nor  can 
it  be  done  without  some  interference  on  the  part  of  the  United  States.  If  the  Gen¬ 
eral  Government  does  not  step  in  and  by  definite  legislation  assign  specific  waters 
to  El  Paso  and  the  Mesilla,  the  El  Paso  Valley  will  surely  be  destroyed,  and  the 
Mesilla  Valley  can  be  almost  ruined  by  the  people  of  the  Albuquerque  Valley. 
What  is  needed  is  the  construction  of  storage  reservoirs  and  their  protection  by 
the  assignment  of  specific  catchment  areas  to  those  reservoirs.  The  Government 
must  say  that  a  certain  catchment  area  can  be  used  for  the  Mesilla  Valley  and  that 
the  lemaining  catchment  area  must  be  used  for  the  Albuquerque  Valley.  A  State, 
a  Territory,  and  a  foreign  country  are  involved,  and  they  can  not  settle  the  problem 
foi  themselves.  There  is  only  one  way  to  protect  this  ancient  irrigation  in  the  El 
Paso  and  Mesilla  Valleys  and  their  right  to  use  the  water  of  the  irrigating  season 
and  to  proceed  as  they  have  heretofore  done  without  storage,  and  that  is  to  destroy 
all  ii ligation  in  Colorado  and  all  of  the  lately  developed  irrigation  in  the  valley  of 
the  Rio  Grande  in  New  Mexico  above,  and  to  prohibit  forever  the  use  of  the  waters 
there;  and  this  would  mean  that  to  maintain  75,000  to  100,000  acres  of  agriculture 
several  million  acres  of  development  must  be  stopped.  Of  course,  this  can  not  be 
done;  they  must  resort  to  storage,  and  somehow  storage  rights  must  be  fixed  and 
maintained. 

Mr.  Lanham.  What  is  your  solution  of  the  question  ?  It  seems  to  me  a  man  who 
li\es  at  the  source  of  a  river  may  be  in  good  condition,  although  a  comparatively 
new  country,  and  the  man  who  lives  below  him,  although  his  ancestors  may  have 
lived  there  for  a  hundred  years,  is  deprived  of  irrigation.  What  is  the  solution  of 
that  question  ? 

Maj.  Powell.  Senator  Reagan  has  introduced  a  bill  which  I  think,  is  a  solu¬ 
tion  of  it. 

Mr.  Lanham.  Will  you  allow  me  to  draw  your  attention  for  a  moment  to  the 
lower  Rio  Grande  ?  Here  in  the  El  Paso  Valley  are  Mexicans  and  Americans.  We 
have  Mexican  citizens  on  the  American  side  of  the  river  also.  These  people  have 
been  practicing  agriculture  for  about  two  centuries. 
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Maj.  Powell.  Yes,  sir. 

Mr.  Lanham.  These  communities  above  are  comparatively  recent.  Now,  what 
is  your  idea,  to  allow  the  communities  above  to  cut  off  and  destroy  all  the  supply  of 
water  to  the  exclusion  of  the  people  below  ? 

Maj.  Powell.  I  think  their  rights  must  be  maintained.  There  are  two  consid¬ 
erations  of  primary  importance  in  the  matter,  The  first  is  to  protect  the  rights  of 
the  people  who  have  the  vested  rights;  second,  to  prevent  new  vested  rights  fiom 
becoming  practically  an  impediment  in  the  development  of  the  country. 

The  Chairman.  Let  me  suggest  here  that  your  system  of  damming  and  retaining 
waters  at  different  points  on  these  streams  is  not  unlike  the  system  adopted  to  im¬ 
prove  navigation  on  the  principle  of  slack-water  navigation.  It  economizes  water 
where  it  can  be  easily  utilized. 

Maj.  Powell.  There  is  this  difference  in  it,  which  is  a  radical  difference. 
When  water  is  taken  out  for  the  purpose  of  slack-water  navigation  or  for  powers, 
the  water  is  returned  to  the  channel,  but  in  the  case  of  irrigation  it  is  largely  used. 

The  Chairman.  That  is  the  same  rule  in  regard  to  irrigation.  They  take  it  out 
and  devote  it  to  irrigation  purposes  and  return  it,  so  it  is  left  in  the  channel. 

Maj.  Powell.  But  the  greater  part  is  never  returned. 

The  Chairman.  It  is  evaporated. 

Maj.  Powell.  It  is  evaporated  to  the  heavens.  It  would  be  manifestly  bad 
policy  if  by  some  process,  in  order  to  protect  50,000  acres  at  Albuquerque,  we  had 
to  stop  the  irrigation  of  several  million  acres  of  land  above. 

Mr.  Lanham.  What  right  has  anybody  to  take  the  entire  water  of  a  river  and 
divert  it  from  the  people  below?  Suppose  I  live  10  miles  above  my  neighbor  on  a 
river,  would  it  be  right  to  take  the  whole  body  of  that  stream  from  my  neighbor? 

Maj.  Powell.  No,  I  think  not.  I  think  if  rights  have  been  established  in  that 
valley  they  must  be  maintained. 

Mr.  Lanham.  Is  it  not  a  fact  that  the  rights  of  the  people  in  the  Rio  Grande 
Valley,  from  Santa  Fe  down  to  the  mouth  of  it.  are  older  than  any  rights  above  ? 

Maj.  Powell.  Altogether.  But  the  new  rights  are  in  other  States,  and  they 
have  no  remedy  at  present.  If  the  people  below  are  to  be  destroyed  they  ought  to 
be  bought  out.  But  provision  can  be  made  for  those  below  to  secure  the  surplus  of 
water  which  is  not  used  now  during  the  season  of  irrigation,  It  would  be  possible 
to  secure  the  rights  to  50,000  acres  in  El  Paso  Valley  and  destroy  4,000,000  acres 
above.  All  that  can  be  avoided  by  the  use  of  the  water  stored,  the  surplus  of  the 
storm  waters. 

The  Chairman.  Your  idea  is,  then,  that  the  Goveniment  of  the  United  States 
can  fairly  and  legally  provide  for  catching  the  water  from  the  water-sheds  and 
making  use  of  it — putting  it  in  a  way  in  which  it  can  be  economically  used  ? 

Maj.  Powell.  I  would  like  to  go  over  the  Rio  Grande,  because  I  believe  I  could 
make  it  clearer  than  to  go  all  over  the  United  States.  I  suppose  I  had  better  go 
over  that  after  it  is  written  out  by  the  stenographer. 

Mr.  Lanham.  I  wish  you  would  go  over,  in  your  revision,  this  problem  in  refer¬ 
ence  to  the  people  of  the  Rio  Grande.  I  feel  a  very  deep  and  profound  interest  in 
it.  That  valley  would  all  be  rained  under  the  conditions  you  name. 

Maj.  Powell.  Suppose,  Mr.  Chairman,  not  to  weary  you  with  an  extended 
talk,  that  I  be  allowed  to  insert  eight  or  ten  pages  about  the  water  of  the  Rio 
Grande  and  how  it  can  be  used  and  all  rights  protected. 

The  Chairman.  I  wish  you  would  do  that. 

Maj.  Powell.  I  can  do  that  without  an  interminable  talk  to  you,  gentlemen. 
I  am  afraid  that  I  have  wearied  you  already. 

Mr.  Herbert.  You  are  not  wearying  me,  for  I  feel  a  very  great  interest  in  it. 
The  Members  of  the  Committee.  And  we  are  deeply  interested  in  it. 

Maj.  Powell.  The  area  drained  by  the  Rio  Grande  above  El  Paso  is  a  little 
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more  than  23,500,000  acres,  or  about  37,000  square  miles.  But  much  of  the  region 
is  mountainous.  Even  if  there  was  water  enough  it  would  not  be  possible  to  Irri¬ 
gate  one-half  of  the  land.  Of  the  arable  lands  only  a  portion  is  irrigable,  from  the 
fact  that  there  is  not  water  to  supply  them  all.  It  may  be  that  when  all  the  waters 
of  the  Rio  Grande  are  used  in  Colorado  and  New  Mexico,  and  in  the  valley  of  El 
Paso,  in  Texas  and  the  Republic  of  Mexico,  from  three  to  four  million  acres  can  be 
cultivated;  but  this  can  be  done  only  by  using  all  of  the  waters  and  storing  all 
those  that  now  run  to  waste.  And  then  the  irrigable  lands  must  be  properly 
selected,  so  that  the  waters  can  be  used  to  the  best  advantage.  That  none  mav  be 
wasted  they  must  be  stored  where  there  is  the  least  evaporation,  and  the  lands  must 
be  selected  near  where  they  are  stored,  and  the  waters  must  not  be  permitted  to  run 
through  sand  valleys,  where  they  are  evaporated.  They  must  be  taken  out  from  the 
streams  and  stored  to  the  best  advantage  and  used  without  waste.  Then  it  mav  be 
possible  to  irrigate  from  three  to  four  million  acres.  Of  course  the  estimate  is 
rough,  because  the  surveys  have  not  been  perfected,  and  it  may  be  too  great:  I  do 
not  think  it  is  too  small.  Now,  the  problem  which  you  ask  me  to  solve  is  this- 
How  can  these  waters  be  used  to  the  best  advantage?  How  can  they  be  divided 
among  the  best  lands,  and  how  can  the  rights  of  the  present  irrigators  be  main¬ 
tained?  I  shall  try  to  answer  these  questions  and  certain  collateral  problems  that 
are  involved,  and  to  do  so  shall  go  over  the  ground  again  district  by  district 

Commencing,  then,  at  the  head  of  the  Rio  Grande  Valley,  we  first  meet  with  the 
Saguache.  This  river  sinks  in  the  sands;  except  in  very  great  floods  it  discharges 
no  water  into  the  Rio  Grande.  Its  valley,  therefore,  is  an  independent  district;  one 
of  the  thiid  class.  All  that  can  be  done  in  the  Saguache  district  is  to  select  the  best 
irrigable  lands  and  provide  that  the  waters  shall  not  be  used  where  tliev  will  be 
largely  wasted. 

Then  we  have  a  district  drained  by  the  headwaters  of  the  Rio  Grande— a  district 
of  the  first  class.  All  or  nearly  all  of  its  waters  can  be  used  within  the  district  on 
good  lands,  but  the  lands  must  be  selected  or  the  waters  will  be  wasted.  The  dis¬ 
trict  lies  wholly  within  the  State  of  Colorado. 

The  next  district  below  on  the  river  is  the  San  Ildefoftso.  This  is  a  trunk  district 
and  thus  belongs  to  the  second  class.  For  60  miles  down  below  the  Colorado  line 
the  river  can  not  be  taken  out,  as  it  inns  in  a  canyon.  The  lands  on  either  side  are 
of  little  value  and  should  be  used  only  for  pasturage  and  forest  purposes.  This 
upper  portion  of  the  San  Ildefonso  Valley  is  naturally  the  catchment  area  for  the 
waters  to  be  used  in  the  valley  below  the  mouth  of  Embudo  Canyon.  There  are 
some  cieeks  that  come  into  this  valley  from  the  mountains  on  the  east.  This  dis¬ 
trict,  therefore,  has  a  great  catchment  area  which  will  supply  a  large  quantity  of 
water  which  should  be  dedicated  to  the  use  of  the  farmers  of  the  valley  below.  But 
they  should  understand  that  they  can  not  maintain  rights  to  use  water  coming  from 
the  San  Luis  district;  that  they  should  develop  their  agriculture  wholly  from  the 
supply  of  their  own  catchment  area.  The  best  lands  lie  on  either  side  of  the  river 
in  the  valley  below  Embudo  Canyon  and  along  sections  of  the  eastern  tributaries. 
These  lands  should  be  selected  in  sufficient  amount  to  use  all  the  waters  of  the  dis¬ 
trict,  and  all  other  lands  should  be  deprived  of  the  right  to  use  water  for  irrigation; 
then  there  could  be  no  controversy  about  water  rights  in  the  district.  Settlers  could 
not  go  upon  the  nonirrigable  lands  and  illegally  take  the  water,  farming  could  be 
developed  in  the  valley  to  the  greatest  extent  and  on  the  best  lands,  and  the  farmers 
would  be  secure  from  depredations  by  other  farmers  going  above  them  and  “  pirat¬ 
ing  ”  the  water,  to  use  a  term  common  in  the  western  country. 

Midway  in  this  district  and  at  the  head  of  the  irrigable  lands  the  Taos  joins  the  Rio 
Grande.  It  is  a  fine  stream,  and  its  drainage  basin  constitutes  a  district  of  the  first 
class.  All  the  waters  of  the  Taos  can  be  used  in  its  own  valley,  and  it  should  be 
established  that  the  people  of  that  district  have  a  right  to  use  all  of  those  waters,  and 
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that  the  people  in  the  San  Iklefonso  Valley  below  can  never  maintain  the  right  to 
have  those  waters  flow  down  to  their  valley;  that  the  Taos  Valley  is  not  a  part  of 

the  catchment  area  of  the  San  Ildefonso  Valley. 

In  the  lower  part  of  the  San  Ildefonso  Valley  the  Chama  joins  the  Rio  Grande. 
The  basin  drained  by  this  river  constitutes  a  district  of  the  first  class.  All  its  waters 
can  be  used  at  home,  and  it  should  be  established  that  the  people  have  the  right  to 
use  them  there,  and  that  no  right  can  be  maintained  to  the  use  of  its  waters  outside 

the  district.  ,  , 

At  the  foot  of  the  San  Ildefonso  Valley  the  Rio  Grande  again  traverses  a  deep 

canyon  for  a  distance  of  50  miles.  Along  this  course  it  receives  many  important 
tributaries  that  drain  high  mountains,  and  on  these  irrigation  can  not  be  practiced 
to  anv  advantage.  It  is  a  pasturage  and  timber  region,  and  is  a  catchment  aiea  for 
a  district  below.  The  canyon  is  known  as  White  Rock  Canyon.  At  its  mouth  the 
waters  can  be  taken  out  again  and  spread  over  a  large  valley.  In  this  valley  there 
are  already  a  number  of  considerable  towns.  Albuquerque  is  the  principal  city, 
and  we  will  call  it  the  Albuquerque  Valley,  and  the  district  including  the  valley  and 
the  catchment  area  above,  the  Albuquerque  district.  It  is  of  course  a  trunk  district, 
and  lienee  belongs  to  the  second  class.  Now,  it  should  be  established  that  the  peo¬ 
ple  of  the  Albuquerque  district  can  not  maintain  rights  to  use  water  not  caught 
within  their  district ;  that  all  of  the  volume  of  the  Rio  Grande  in  the  San  Ildefonso 
above  belongs  to  the  people  of  that  valley  ;  that  the  only  waters  which  the  Albu¬ 
querque  farmers  can  use  and  permanently  maintain  rights  to  are  those  falling  from 
the  heavens  over  their  district. 

The  irrigable  lands  of  the  Albuquerque  district  are  in  excess  of  the  water  supply. 
The  nearer  to  the  mouth  of  the  White  Rock  Canyon  they  can  be  used,  the  greater  is 
the  area  that  can  be  irrigated.  Perhaps  this  district  should  terminate  at  Socorro. 
Perhaps  it  should  go  down  to  San  Marcial.  A  careful  topographic  and  hydrographic 
survey  is  necessary  to  determine  this  boundary.  The  district  would  at  any  rate  be 
more  than  150  miles  in  length,  and  it  is  a  long  sand  basin.  If  the  irrigable  land 
should  be  selected  in  the  southern  end  of  the  district  much  of  the  water  would  be 
lost  on  its  way;  if  selected  m  the  northern  end  of  the  district  this  water  could  be 
saved.  The  Rio  Grande  will  irrigate  two  acres  in  the  northern  end  of  the  valley  for 
every  acre  that  can  be  irrigated  in  the  southern  end  of  the  valley.  But  there  are 
lands  already  irrigated  in  the  southern  end  of  the  valley,  and  their  rights  should  be 
maintained— at  least,  until  they  are  justly  extinguished.  Doubtless  this  will  ulti¬ 
mately  be  done.  It  is  of  prime  importance  that  no  more  rights  be  established  in 

the  southern  region  of  the  district.  .  ,  , 

To  the  east  of  the  White  Rock  Canyon  lies  Santa  Fe  Creek.  It  is  a  beautiful  stream 
of  water,  and  the  region  which  it  drains  forms  a  district  of  the  first  class.  Here  the 
city  of  Santa  Fe  is  situate,  and  the  waters  of  the  great  creek  are  all  used  in  iiriga- 
tion  during  the  summer  months.  An  attempt  has  been  made  to  store  water,  but  it 
has  proved  a  failure.  The  site  of  the  reservoir  was  among  hills  that  had  been  de¬ 
nuded  of  their  forests  and  grasses,  and  the  reservoir  was  destroyed  by  the  enormous 
and  rapid  accumulation  of  debris.  Other  and  better  reservoir  sites  can  be  found 
where  the  forests  are  not  yet  destroyed.  The  farmers  of  the  district  should  have 
control  of  these  forests,  or  they  can  not  greatly  increase  the  area  of  irrigation  m  the 
district.  The  lands  to  be  irrigated  lie  on  a  plateau  in  the  neighborhood  of  the  city, 
and  are  already  of  great  value.  The  principal  catchment  area  is  in  high  mountains 
where  there  are  extensive  forest  lands,  and  where  there  should  be  pasturage  lane  s, 
but  these  are  largely  destroyed  by  overfeeding.  The  pasturage  and  timbei  lanes 
greatly  need  protection  in  the  interests  of  agricultuie  below . 

Just  above  Bernalillo  the  Jemez  joins  the  Rio  Grande,  and  here  we  have  ano  lei 
district  of  the  first  class.  The  Jemez  now  discharges  a  part  of  its  waters  into  the 
sand,  for  there  is  a  long  stretch  of  dunes  extending  from  Zia  down  to  the  Rio 
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Grande.  Still,  the  river  has  a  volume  sufficient  to  carry  part  of  its  waters  over  these 
sands  and  discharge  them  into  the  Rio  Grande.  The  catchment  area  is  the  Tewan 
Mountains  and  the  Tewan  Plateau,  a  lofty  region  covered  with  beautiful  forests 
and  rich  grass  land's  yet  uninjured  by  fire  or  overfeeding.  The  mountain  meadows 
are  abundant  and  beautiful,  and  the  forests  are  among  the  best  in  New  Mexico. 
The  lands  to  be  cultivated  by  this  river  lie  on  the  mesa  west  of  Bernalillo  and  Albu¬ 
querque.  The  waters  can  be  stored  in  the  mountain  meadows  and  elsewhere  very 
cheaply,  but  it  will  be  expensive  to  take  the  water  across  the  sand  dunes  onto  the  irri¬ 
gable  lauds  of  the  mesa.  The  mesa  itself  and  the  catchment  area  both  should  consti¬ 
tute  one  district.  The  waters  of  the  mountains  should  be  attached  to  the  lands  of 
the  mesa,  and  the  right  to  use  the  waters  should  permanently  inhere  there.  The 
settlers  in  the  valley  of  the  Rio  Grande  should  not  be  able  to  acquire  rights  to  the 
waters,  for  in  so  doing  they  would  be  chiefly  wasted.  The  catchment  area  is  a 
volcanic  district,  and  volcanic  cinders  and  ashes  abound  ;  and  these  conditions 
make  it  necessary  to  carefully  protect  the  lands,  otherwise  they  will  silt  the  streams 
and  fill  the  reserviors.  The  forest  area  is,  therefore,  chiefly  valuable  as  a  catchment 
area,  and  should  never  be  denuded  of  its  trees. 

The  next  stream  is  the  Puerco,  which  comes  in  below  from  the  west.  It  heads  in 
the  Nacimiento  Mountains,  the  western  slope  of  the  Tewan  group.  Along  this 
range  of  mountains  there  are  several  beautiful  streams  that  flow  into  a  distant  val¬ 
ley  into  the  dry  channel  of  the  Puerco,  for  it  here  flows  through  sands,  and  passes 
only  in  extreme  floods,  into  the  Rio  Grande.  Practically,  it  is  a  district  of  the  third 
class.  Its  waters  have  been  used  in  irrigation  in  the  settlements  near  the  mount¬ 
ains,  which  are  to  some  extent  well  situated  for  such  purposes.  But  farming  is 
chiefly  carried  on  in  the  valley  of  the  Puerco,  and  in  that  region  can  not  be  per¬ 
manently  maintained  to  advantage.  The  rights  to  irrigate  so  far  from  the 
mountains  must  be  permanently  extinguished  if  the  Puerco  is  to  be  used  to  the  best 
advantage.  The  catchment  area  is  the  slope  of  a  great  mountain  range  covered 
with  fine  forests,  and  there  are  many  good  reservoir  sites.  The  pasturage  is  also 
extensive,  but  the  pasturage  and  the  forests  must  be  protected  to  save  the  agricul¬ 
ture.  The  irrigable  lands  of  the  Puerco  should  be  carefully  selected,  and  no  other 
lands  should  be  cultivated.  The  reservoirs  must  be  selected  in  the  valleys  and  on 
the  slopes  of  the  mountains,  where  they  will  not  be  subject  to  destruction  by  silting 
if  the  forests  and  grasses  are  not  carefully  preserved. 

From  Socorro  southward  to  El  Paso  is  a  distance  of  about  200  miles  by  the  river. 
Thei’e  is  already  irrigation  in  the  Mesilla  Valley  above  El  Paso,  and  there  is  also 
much  farming  below  El  Paso  in  Texas  and  the  Republic  of  Mexico.  Through  much 
of  the  way  from  Socorro  to  the  head  of  the  Mesilla  Valley  the  river  canyons  again,  and 
there  is  a  natural  catchment  area  for  the  country  below.  This  upper  region  should 
be  declared  the  catchment  area  for  the  Mesilla  Valley.  At  the  mouth  of  this  canyon 
there  is  a  place  called  Point  of  Rocks,  near  Fort  Selden.  Now,  it  is  possible  to  take 
out  all  the  waters  of  the  Rio  Grande  derived  from  the  catchment  area  just  described 
at  this  point,  and  there  is  land  enough  in  the  Mesilla  Valley  to  use  it.  But  this 
would  cut  off  all  the  water  from  the  El  Paso  Valley  below.  There  is  a  short  pass  or 
gorge  just  above  El  Paso  through  which  the  Rio  Grande  runs.  This  divides  El  Paso 
Valley  from  Mesilla  Valley.  To  maintain  the  rights  of  present  irrigators  in  Mesilla 
Valley  and  El  Paso  Valley  alike,  it  becomes  neceasary  to  unite  these  two  valleys 
into  one  district  and  to  divide  the  waters  between  them.  There  is  water  enough 
coming  from  the  catchment  area  below  Socorro  to  maintain  all  the  agriculture  yet 
developed  and  to  increase  it  somewhat— how  much  we  do  not  know,  as  the  survey 
is  unfinished.  Nor  do  we  know  how  to  divide  the  waters.  The  El  Paso  Valley  is 
partly  in  Texas  and  partly  in  the  Republic  of  Mexico.  The  Mesilla  Valley  is  in  New 
Mexico.  It  is  thus  that  the  waters  of  the  Rio  Grande  in  this  district  must  be  di¬ 
vided  between  three  peoples,  and  unless  some  authority  steps  in  and  makes  this 
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division  the  irrigators  of  the  Mesilla  Valley  can  take  all  the  waters  from  Texas  and 
old  Mexico  and  destroy  all  the  farming  below.  The  survey  has  developed  the  fact 
that  we  can  store  water  with  reasonable  economy  and  in  sufficient  amount  immedi¬ 
ately  above  El  Paso,  at  the  gorge  of  which  I  have  spoken,  to  supply  the  warns  of 
all  the  farming  in  the  valley  below  in  both -countries,  and  from  the  same  reservoir 
an  additional  area  can  be  served,  but  there  is  no  wisdom  in  constructing  this  reser¬ 
voir  unless  steps  are  taken  to  provide  a  catchment  area  for  it  and  to  protect  that 
catchment  area  from  spoliation. 

It  is  thus  that  the  El  Paso  problem  can  not  be  solved  by  the  construction  of  a  dam 
at  El  Paso  and  the  establishment  of  a  reservoir  to  hold  water  for  the  valley  below. 
A  catchment  area  must  also  be  provided,  and  in  providing  this  the  rights  in  the 
Mesilla  Valley  must  be  maintained.  It  is  true  that  if  the  dam  is  constructed  at  El 
Paso  now,  flood  waters  in  sufficient  quantities  will  come  down  to  serve  present  wants, 
but  these  flood  waters  can  be  caught  above,  and  ultimately  will  be,  and  it  will  be 
wise  to  pay  heed  to  the  ultimate  conditions.  How  many  years  ere  this  will  be  I. 
do  not  know;  it  will  depend  upon  the  rate  of  development,  an  uncertain  factor. 
But  schemes  have  been  projected  and  begun  in  the  Rio  Grande  Valley  within  the 
last  eighteen  months  to  take  one-half  of  the  ultimate  supply  of  water.  Most  of  these 
schemes  have  been  projected  without  any  proper  consideration  of  the  conditions  to  be 
met  in  order  to  utilize  the  greatest  amount  of  land .  If  they  are  completed  and  rights 
finally  established  on  the  ground  selected,  then  one-half  of  the  value  of  the  Rio 
Grande  Valley  is  forever  destroyed.  The  rights  and  interests  thus  established  will 
be  so  wasteful  of  water  that  the  Rio  Grande  will  sustain  only  one-half  of  its  possible 
population.  This  statement  is  very  conservative.  It  may  be  and  it  is  even  proba¬ 
ble  that  the  water  will  be  able  to  do  only  one-third  of  its  duty.  And  the  Rio  Grande 
is  a  fair  illustration  of  the  facts  and  conditions  pertaining  to  every  great  river  in 
the  arid  lands. 

This,  then,  is  needed  in  the  Rio  Grande  Valley,  that  its  agriculture  may  develop 
normally  and  that  all  rights  established  may  be  maintained:  First,  it  should  be 
divided  into  irrigation  districts,  as  I  have  described.  In  each  district  the  catchment 
area  and  the  irrigable  lands  should  be  determined  and  defined.  To  define  the  irri¬ 
gable  lands,  it  is  necessary  to  measure  the  waters,  in  order  to  discover  how  much 
land  can  be  used.  Then  the  irrigable  lands  should  be  declared  such,  and  the  law 
should  prevent  any  other  lands  being  irrigated.  Then  the  catchment  areas  should 
be  defined,  and  settlement  on  the  catchment  areas  for  agricultural  purposes  should 
be  prohibited,  and  the  people  farming  on  the  irrigable  lands  should  have  a  right  to 
control  the  catchment  areas  and  to  protect  and  use  the  forests  and  grasses.  Then, 
in  each  district  the  storage  basins  should  be  segregated  and  reserved  from  sale  and  . 
occupation,  so  that  they  may  not  fall  into  the  hands  of  speculators  whose  rights 
would  have  to  be  purchased  before  the  waters  were  stored;  but  the  people  who  live 
in  the  district  as  a  body  politic  and  corporate  should  have  a  right  to  control  these 
storage  basins  for  the  common  use.  The  dam  sites  and  the  canal  sites  ought  in  like 
manner  to  be  designated  and  preserved  from  sale  to  individuals  and  held  for  the 
common  use  of  the  people.  By  this  plan  the  irrigable  lands  would  be  held  to  sever¬ 
alty  by  the  people;  the  sites  for  reservoirs,  canals,  and  dams,  and  the  catchment 
areas  would  be  held  in  common  in  each  district.  But  in  the  El  Paso  district,  in 
which  the  catchment  area  is  in  New  Mexico,  and  a  part  of  the  irrigable  lands  in  the 
Mesilla  Valley  of  New  Mexico  and  a  part  in  the  El  Paso  Valley  of  Texas  and  old 
Mexico,  some  means  must  be  provided  to  divide  the  waters.  It  is  an  interstate 
and  an  international  problem;  but  the  rights  of  all  the  people  now  cultivating  the 
soil  should  be  maintained. 

To  define  the  districts  a  topographic  survey  is  necessary:  to  define  catchment 
areas,  and  irrigable  areas,  and  to  select  the  reservoir  sites,  canal  sites  and  dam  sites, 
a  topographic  survey  is  necessary;  to  divide  the  waters,  a  hydrographic  survey  is 
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necessary,  and  a  hydrographic  survey  is  based  upon  and  can  be  most  economically 
made  through  the  agency  of  a  topographic  survey.  In  selecting  the  lands  in  head¬ 
water  districts,  they  should  be  taken  in  regions  low  enough  to  have  a  good  agricul¬ 
tural  climate.  In  the  trunk  districts  the  lands  should  be  as  near  to  the  points  where 
the  waters  are  taken  from  the  rivers  by  diverting  dams  as  possible,  that  these  lines 
may  be  the  shortest  and  that  the  least  water  may  be  wasted.  The  reservoir  sites, 
other  things  being  equal,  should  be  selected  on  the  highest  lands,  where  the  evapo¬ 
ration  is  least.  As  far  as  possible,  reservoirs  should  be  selected  away  from  the 
channels  of  the  principal  streams,  where  they  can  be  maintained  at  the  least  cost 
and  where  the  danger  of  destruction  is  least.  The  principal  lines  of  canal  should 
all  be  designated  in  advance,  in  order  that  impedimentary  and  obstructive  rights 
may  not  be  established.  These  obstructive  rights  are  of  two  classes:  First,  where 
a  lateral  stream  joins  a  main  stream,  the  waters  of  the  lateral  should  be  taken  to 
lands  sufficiently  high  up  its  course  to  be  out  of  the  way  of  the  development  of  irri¬ 
gation  on  the  principal  stream.  The  principal  stream  usually  has  a  lower  gradient, 
and  its  waters  can  not  be  taken  to  very  high  lands;  and  if  the  waters  of  the  lateral 
stream  occupy  the  low  lands,  the  waters  of  the  principal  stream  can  not  be  used. 
This  condition  of  affairs  has  arisen  in  many  cases  already  in  the  development  of  irri¬ 
gation  in  the  West.  The  obstructions  of  the  second  class'reiate  to  low-line  canals 
taken  out  along  the  course  of  a  stream  which  runs  in  a  sand  plain.  If  the  canals 
are  taken  out  here,  the  whole  length  of  line  is  extravagantly  great,  and  the  loss  of 
water  is  correspondingly  great.  All  canal  lines  should  be  made  as  high  as  possible. 

Such  are  the  most  important  conditions  which  relate  to  the  utilization  of  water 
for  irrigation  and  to  the  development  of  agriculture  in  arid  lands.  They  are  all  of 
great  importance;  no  one  can  be  neglected  without  doing  serious  injury  to  agricul¬ 
tural  industries.  If  these  things  were  done  in  advance  of  more  dense  settlement, 
and  then  the  people  permitted  to  control  their  affairs  in  their  own  way— divide  the 
waters  among  themselves  in  each  district  as  they  please,  protect  and  utilize  the 
forests  in  obedience  to  their  own  judgment  corrected  by  experience  as  time  goes  on. 
use  the  pasturage  for  their  flocks  and  herds  and  protect  it  from  destruction  that  they 
may  thus  use  it — the  arid  lands  would  furnish  homes  to  prosperous,  peaceful,  and 
happy  people. 

At  another  time  I  shall  have  something  to  say  about  water  rights. 

Let  us  now  pass  westward,  across  the  great  Rocky  Mountain  divide,  and  we  come 
to  the  Gila  River,  which  flows  westward  into  the  Colorado.  I  place  before  you  a 
map  of  the  Gila  River  and  its  tributaries,  together  with  a  portion  of  the  Colorado 
River  and  this  small  river  known  as  Bill  Williams’  Fork,  which  is  a  tributary  to 
the  Colorado.  You  will  see  that  the  Gila  River  heads  in  the  Mogollon  Range 
and  the  San  Franciscan  Mountains,  and  runs  westward  to  the  Colorado.  Then  it 
has  a  tributary  on  the  north  known  as  Salt  River,  and  an  important  tributary  of 
the  Salt  River  is  the  Verde. 

The  Gila,  above  the  mouth  of  the  Salt,  constitutes  a  great  hydrographic  basin, 
with  timber  lands,  pasturage  lands,  and  irrigable  lands,  extending  southward 
toward  the  Southern  Pacific  Railroad  in  this  region  [indicating  on  map],  southward 
and  westward  from  Florence.  There  are  good  sites  for  storage  reservoirs  in  the 
upper  regions  of  the  Gila  and  elsewhere  throughout  the  catchment  area.  And 
upon  this  catchment  area  above,  and  the  reservoirs  which  must  be  constructed 
there,  and  the  canals  which  must  head  above  and  connect  thq  river  and  the  reser¬ 
voirs  with  the  irrigable  lands,  the  farmers  of  the  agricultural  region  must  depend. 
They  are  also  interested  in  the  protection  of  the  forests  and  their  utilization,  and 
have  a  common  interest  in  the  grass  lands  of  the  region  drained  by  the  Gila. 

The  Salt  River  and  the  Verde  head  in  a  great  line  of  cliffs  which  extend  across 
Arizona  from  the  Colorado  River  to  the  San  Francisco  Mountains.  The  line  of  cliffs 
cut  off  the  lowlands  on  the  south  and  west  from  a  great  table-land  or  plateau  above, 
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known  as  the  Mogollon  Mesa,  or  the  Great  Colorado  plateau.  On  this  plateau 
many  high  mountains  or  extinct  volcanoes  are  found,  and  many  small  streams 
come  down  here  to  feed  the  Salt  River  and  the  Verde,  and  the  two  streams  together 
constitute  a  great  hydrographic  basin,  with  timber  lands,  pasturage  lands,  and  irri¬ 
gable  lands.  The  town  of  Phoenix  is  situated  in  the  center  of  the  irrigable  district. 
The  Upper  Gila  and  the  Salt  River  districts  are  of  the  first  class,  as  they  are  head¬ 
water  districts. 

Below  the  junction  of  the  two  streams  the  Gila  River  gives  rise  to  a  trunk  district. 
What  water  it  has  we  do  not  yet  know.  A  sufficient  examination  of  the  country 
has  not  yet  been  made  to  warrant  predictions  as  to  the  possible  extent  of  agriculture 
therein.  On  the  north  there  are  two  streams  which  belong  to  the  third  class:  The 
Agua  Fria  heads  near  Prescott  and  sinks  before  it  reaches  the  Gila;  but  at  flood 
tide  a  little  water  runs  over.  Then  to  the  west  we  have  the  Hassayampa  Creek, 
which  also  has  a  dry  channel  most  of  the  year  along  its  lower  course.  We  have, 
for  the  present,  thrown  these  streams  into  the  Lower  Gila,  or  trunk  district,  until 
we  know  more  of  their  possibilities  for  agriculture. 

North  of  this  trunk  district  we  have  Bill  Williams’  Fork  and  its  tributaries.  Lit¬ 
tle  is  yet  known  about  the  quantity  of  water  which  it  will  supply  for  irrigation. 
It  is  partly  a  mountainous  region  and  partly  a  district  of  lowlands,  and  there  are 
pasturage  lands  and  timber  lands. 

The  Chairman.  You  know  the  Indians,  the  Pimas  and  Maricopas,  on  their  reser¬ 
vation  to  the  south,  and  that  they  have  a  large  area  thoroughly  ditched  by  their 
own  labor  ? 

Maj.  Powell.  Yes  ;  there  is  another  irrigation  district,  and  opportunities  to  store 
water.  Southern  Arizona  does  not  appear  on  this  map.  We  do  not  know  how  to 
divide  it  into  districts,  nor  do  we  know  how  its  waters  are  to  be  utilized.  The 
streams  are  few  and  small.  Artesian  wells  can  be  obtained  in  some  places,  but  no 
great  amount  of  agriculture  can  be  developed  thereby.  The  sand  basins,  from  which 
waters  must  be  pumped,  are  more  extensive.  In  the  main  the  people  will  have  to 
depend  upon  the  storage  of  storm  waters. 

Mr.  Lanham.  I  would  like  to  hear  you  for  a  few  moments  on  that  proposition.  I 
saw  recently  an  account  of  a  great  destruction  of  life  somewhere  in  Arizona. 

Maj.  Powell.  The  construction  of  dams  for  all  purposes,  for  power  and  for  irri¬ 
gation,  is  a  very  ancient  art.  If  you  go  to  the  Book  of  Chronicles,  you  will  find  that 
they  diverted  rivers  onto  the  lands.  Dam  construction  is  very  old.  In  the  prov¬ 
inces  of  India  dams  have  been  constructed  by  thousands  and  hundreds  of  thousands 
for  irrigation  purposes.  Some  have  been  destroyed  and  brought  disaster,  as  at 
Johnstown  in  Pennsylvania  last  summer  and  at  Hassayampa  in  Arizona  a  few  days 
ago.  In  both  these  cases  a  glance  at  the  map  will  show  why  these  dams  were  de¬ 
stroyed.  In  the  case  of  the  Hassayampa  dam  it  was  the  simplest  thing  imagi¬ 
nable.  Now  let  me  make  that  clear.  The  Hassayampa  dam  was  planned  for  a  dry 
vast i .  It  was  for  the  storage  of  storm  waters.  The  area  drained  was  320,000  square 
miles.  The  Hassayampa  is  surrounded  by  three  great  mountains,  rising  a  little  more 
than  7.000  feet  above  the  level  of  the  sea.  On  one  side  is  Mount  Tritle,  rising  7,500 
feet.  The  mountains  are  not  clad  with  forests.  A  few  scattered  trees  grow,  but  in 
the  main  the  mountains  are  naked,  solid  rock.  Now,  it  is  possible  that  one  storm 
in  these  mountains  may  bring  a  fall  of  rain  to  the  amount  of  2  inches,  or  even  more. 
If  that  stream  receives  2  inches  of  rainfall,  after  a  rain  that  lias  previously  soaked 
the  ground,  almost  the  whole  amount  will  be  delivered  into  the  wash  below.  I 
computed  the  matter  a  day  or  two  ago,  and  I  found  that  to  protect  that  dam  it  was 
necessary  to  have  a  waste- weir  which  would  discharge  6  acre-feet  of  water  every 
second. 

The  Chairman.  Equal  to  how  many  inches? 

Maj.  Powell.  I  could  not  tell  that  without  making  a  computation;  but  a  great 
many  inches.  Now.  a  glance  at  the  map  reveals  that  condition.  In  constructing 
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a  dam  for  the  storage  of  flood  waters  and  storm  waters,  one  of  the  fundamental 
propositions  is  that  the  degree  of  declivity  must  be  known.  That  is  to  say,  the  dam 
must  be  related  to  the  catchment  area,  and  means  must  be  provided  by  which  all  the 
water  in  the  greatest  possible  storm  can  be  controlled.  Otherwise,  when  a  great 
storm  occurs,  the  works  are  liable  to  destruction.  In  the  Hassayampa  no  provision 
was  made  for  one  of  these  great  storms,  and  when  it  came  it  broke  all  before  it. 

Mr.  Herbert.  But  if  it  is  stored - 

Maj.  Powell.  Now  here  is  this  dry  wash,  and  an  ignorant  engineer  believes  the 
dam  is  safe  from  all  the  water  that  comes  from  a  storm,  for  he  has  never  seen  it  at 
flood-time.  It  may  be  that  once  in  ten  or  twenty  years  there  comes  a  storm  which 
becomes  a  vast  flood,  and  then  the  dam  goes.  Of  course,  in  planning  these  reser¬ 
voirs  we  must  provide  for  all  conditions.  It  is  idle  to  say  that  we  can  not  plan 
against  them ;  we  have  simply  to  collect  the  facts  and  provide  against  all  contin¬ 
gencies.  In  looking  over  India,  where  this  matter  of  dam  construction  has  been 
going  on  for  a  long  time,  I  find  there  are  dams  which  have  been  used  for  more  than 
a  thousand  years.  There  are  some  that  have  been  breached  and  abandoned. 

In  planning  reservoirs  and  all  hydraulic  works  for  irrigation,  a  hydrographic 
survey  is  necessary.  It  is  a  primary  condition  that  we  learn  how  much  water  is  to 
be  controlled  at  any  and  all  times.  A  hydrographic  survey  is  based  on  a  topo¬ 
graphic  survey,  by  which  the  catchment  area  is  measured  and  the  declivities  deter¬ 
mined.  Then,  the  rainfall  being  known,  in  a  general  way — that  is,  the  mean 
annual  rainfall,  the  maximum  annual  rainfall,  and  the  maximum  stormfall — we 
are  able  to  determine  how  much  water  is  to  be  controlled.  In  getting  at  this  we 
also  have  to  gauge  the  typical  streams.  But  I  propose  to  explain  this  matter  more 
fully  to  the  committee  when  I  lay  before  it  the  operations  of  the  survey  for  the 
past  year.  Of  course,  works  can  be  constructed  after  guessing  at  the  amount  of 
water  to  be  controlled;  but  this  is  dangerous  to  life  and  property.  If  the  estimates 
of  water  are  too  great,  works  are  made  too  expensive;  if  they  are  too  small,  the 
works  will  be  destroyed.  Sound  work  can  not  be  done  without  a  hydrographic 
survey,  and  this  must  be  based  on  a  topographic  survey. 


Select  Committee  on  Irrigation, 

March  18,  1890. 

The  committee  met  pursuant  to  adjournment,  Mr.  Vandever  in  the  chair. 

statement  of  maj.  J.  w.  powell — continued. 

Maj.  Powell  said: 

Mr.  Chairman  and  gentlemen  of  the  committee:  I  place  before-you  this  morning 
a  map  of  the  Colorado  River  and  its  tributaries,  together  with  the  entire  area  drained 
thereby.  The  river  heads  in  the  Wind  River  Mountains  of  Wyoming,  and  is  there 
known  as  Green  River.  The  Grand  heads  in  the  Middle  Park  of  Colorado,  and  the 
name  Colorado  is  attached  to  the  river  from  the  junction  of  the  Grand  and  Green 
to  the  Gulf  of  California.  A  portion  of  Wyoming,  a  portion  of  Colorado,  a  portion 
of  New  Mexico,  a  portion  of  Utah,  a  portion  of  Nevada,  a  portion  of  California,  and 
a  portion  of  Arizona  are  all  drained  into  the  Colorado,  and  its  waters  are  thus  to  be 
divided  between  seven  States  and  Territories,  'f'he  great  valley  of  the  Colorado  is 
naturally  divided  into  two  very  distinct  parts.  The  lower  and  much  the  smaller 
part  lies  but  little  above  the  level  of  the  sea,  except  that  here  and  there  volcanic 
mountains  are  found.  The  upper  and  larger  part  is  an  elevated  region  of  plateaus 
and  mountains.  The  step  from  the  lower  to  the  higher  region  is  very  abrupt,  and 
is  marked  by  a  great  line  of  cliffs  which  face  the  south. 
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The  upper  basin,  which  is  divided  by  deep  gorges  or  canyons  into  plateaus,  lies 
from  5,000  to  7,000  feet  above  the  level  of  the  sea.  About  the  rim  of  the  basin  there 
are  high  mountains,  the  Wasatch  and  the  Uintas  on  the  west,  the  Wind  River 
Mountains  on  the  north,  and  the  great  Rocky  Mountains  on  the  east.  To  a  large 
extent  the  rivers  run  through  deep  canyons  and  can  not  be  taken  out  on  the  lands. 
For  this  reason  the  irrigable  lands  are  greatly  limited.  The  Colorado  itself  cut 
through  the  lower  portion  of  the  plateau  region  in  a  deep  canyon  from  5,000  to  6,000 
feet  below  the  general  surface  of  the  country.  The  Green  and  Grand  are  also  in 
canyons  for  much  of  their  courses,  and  all  of  the  upper  streams  canon  more  or  less. 
In  the  main  the  irrigable  lands  lie  at  the  foot  of  the  mountains,  and  the  entire 
country  can  be  carved  into  irrigation  districts  very  conveniently,  but  unfortunately 
some  of  these  districts  must  be  in  two  or  more  States.  As  the  boundaiy  line  of 
States  are  not  natural  lines,  Wyoming  and  Utah  are  involved  in  some  of  the  dis¬ 
tricts,  Wyoming,  Utah,  and  Colorado,  in  one  natural  district.  Colorado,  New  Mexico, 
and  Utah  in  another,  Colorado  and  Utah  in  a  number  of  trunk  districts,  and  Ari¬ 
zona  and  Utah  in  several  head- water  districts  of  lateral  streams.  In  every  district 
important  forest  and  pasturage  interests  are  involved;  in  fact,  the  whole  of  this 
upper  region  of  the  Colorado  is  largely  pastoral.-  The  mountains  are  lofty,  and 
great  elevated  plateaus  exist,  and  the  forests  are  abundant.  In  general  there  is 
more  water  than  there  is  land,  and  only  a  few  places  will  it  be  necessary  to  store 
the  waste  in  this  upper  region. 

The  Colorado  heads  in  the  north  and  runs  to  the  south,  and  it  is  about  2,000  miles 
in  length.  The  northern  region  is  elevated,  the  southern  depressed,  coming  down 
practically  to  the  level  of  the  sea.  It  is  a  great  river.  These  changes  of  altitude 
and  latitude  involve  great  changes  of  climate,  and  permit  of  a  great  variety  of  ag¬ 
ricultural  productions.  The  valleys  in  Wyoming  are  very  beautiful,  but  they  are 
very  high  and  subject  to  deep  snows  with  late  and  early  frosts,  and  only  a  small 
variety  of  crops  can  be  raised.  Great  meadows  may  be  cultivated,  and  potatoes, 
rye,  barley,  and  oats  to  some  extent  may  be  raised.  Perhaps  in  the  very  lowest 
valleys  of  Wyoming  a  little  wheat  may  be  grown.  I  will  call  this  upper  region  the 
potato  region.  Down  the  river  farther,  in  southern  Wyoming,  Utah,  and  Colorado 
wheat  can  be  raised  to  advantage.  These  I  call  the  wheat  lands;  and  there  are 
some  very  beautiful  valleys  to  be  irrigated  by  the  Yampa,  the  White,  the  Grand, 
the  Green,  and  the  Uintah  Rivers.  Here  there  will  ultimately  be  some  of  the  fin¬ 
est  agricultural  districts  of  the  West,  for  the  waters  are  abundant,  coming  from 
great  mountain  ranges,  and  the  forests  of  the  catchment  areas  are  of  the  first  order. 
Still  farther  down  the  Colorado  there  are  a  few  canyon  valleys  where  some  agricul¬ 
ture  may  be  carried  on;  but  in  the  main  southern  Utah,  southwestern  Colorado, 
and  northern  Arizona,  will  be  a  catchment  area  for  the  great  valley  of  the  Colorado 
below.  However  thoroughly  the  upper  valleys  may  be  developed,  the  Colorado 
will  discharge  from  the  mouth  of  the  Grand  Canyon  into  the  valley  below  an  enor¬ 
mous  stream  of  water,  sufficient  to  irrigate  several  million  acres  of  land.  There 
are  some  beautiful  valleys  just  above  the  cliffs,  far  back  from  the  river,  where  corn 
can  be  raised  to  good  advantage  and  where  vines  and  fruit  trees  flourish.  These 
are  the  corn  lands.  In  the  great  valley  below,  vines,  cotton,  sugar-cane,  oranges, 
lemons,  date-palms,  and  all  the  products  of  subtropical  climates  can  be  raised  to 
advantage.  There  is  a  great  supply  of  water,  and  a  great  body  of  land;  but  we  do 
not  yet  know  how  these  waters  can  be  taken  out  onto  the  land.  Ultimately  they 
are  to  be  divided  between  California  and  Nevada  on  the  one  side  and  Arizona  on  the 
other.  Tile  mouth  of  the  river  is  in  the  territory  of  the  Republic  of  Mexico,  and  in 
that  lower  region  there  are  extensive  tracts  of  available  land.  The  utilization  of 
the  Colorado,  therefore,  involves  an  international  problem,  and  interstate  prob¬ 
lems  also  must  be  solved. 

I  shall  not  take  up  this  vast  region  district  by  district,  as  time  would  fail  me  to 
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enter  into  the  subject  to  so  great  an  extent;  but  I  will  dwell  a  few  moments  to 
point  out  the  conditions  which  exist  in  two  natural  districts,  which  will  be  sufficient 
to  illustrate  the  subject.  I  should  be  pleased  to  dwell  on  this  part  of  the  subject, 
for  the  great  valley  of  the  Colorado  is  one  with  which  I  am  most  familiar,  having 
explored,  traversed,  and  surveyed  much  of  it  myself.  I  will  call  your  attention 
first  to  the  Kanab  district,  which  is  really  a  district  of  the  third  class,  as  the  Kanab 
sinks  in  the  sands,  though  it  reappears  many  miles  below,  where  it  enters  a  deep 
canyon  and  obtains  a  new  supply  of  water.  The  Kanab  heads  in  Utah,  in  high  pla¬ 
teaus,  where  there  are  great  forests.  Near  its  source  there  is  a  beautiful  little  val¬ 
ley,  valuable  for  pasturage,  and  which  can  be  cultivated  to  raise  hay  and  potatoes, 
but  it  is  too  cold  for  general  agriculture,  and  the  waters  of  the  Kanab  should  not 
be  used  thereon.  Twenty-five  or  thirty  miles  farther  down,  the  Kanab  emerges 
from  a  deep  canyon  into  a  valley  plain.  Here  all  of  its  waters  can  be  used  in  agri¬ 
culture,  and  they  are  now  used  there  so  far  as  they  can  be  without  storage.  But 
the  irrigable  lands  lie  along  the  Territorial  line,  a  small  part  being  in  Utah,  a  greater 
part  in  Arizona.  It  is  thus  that  the  lands  that  depend  upon  the  same  reservoirs 
and  upon  the  same  canals  must  be  divided  between  the  two  Territories.  The  prin¬ 
cipal  farming  lands  should  be  in  Arizona,  the  reservoirs  must  all  be  in  Utah.  The 
Kanab  is  only  a  small  stream,  and  not  a  very  large  area  can  be  cultivated;  but  the 
district  is  large  and  valuable  for  pasturage  purposes.  Unfortunately  it  is  rapidly 
being  destroyed.  The  forests  of  the  catchment  area  are  also  disappearing,  as  they 
are  being  devastated  by  fire. 

To  the  west  lie  the  Rio  Virgen  and  its  tributaries.  Here  is  another  natural  dis¬ 
trict;  part  of  its  catchment  area  is  in  Utah  and  a  part  in  Nevada.  The  irrigable 
lands  are  also  partly  in  Utah  and  partly  in  Nevada,  and  the  pasturage  lands  are  in 
like  manner  divided.  The  Rio  Virgen  is  already  supplied  with  several  flourishing 
settlements;  but  tlte  forests  and  grasses  are  disappearing.  It  is  possible  to  cut  off 
nearly  all  the  water  from  Nevada  and  use  it  in  Utah,  and  this  is  being  done,  and 
through  this  agency  most  of  the  settlements  in  Nevada  have  failed.  At  one  time 
there  were  several  flourishing  towns  and  agricultural  districts  on  the  Virgen,  in  the 
latter  State,  but  development  of  agriculture  above  has  laid  them  waste.  The  posi¬ 
tion  of  the  State  line  here  is  peculiarly  unfortunate,  as  it  divides  the  district  in  a 
very  bad  way,  as  you  see.  But,  more  than  that,  here  is  a  large  area  of  Arizona, 
lying  on  the  north  side  of  the  Grand  Canyon,  which  can  be  crossed  only  at  one  point 
for  500  miles.  This  gorge,  separating  the  northern  portion  of  Arizona  from  the 
main  body  of  the  Territory,  and  impassable  except  at  one  point,  is  from  2,000  to 
6,000  feet  in  depth.  The  citizens  of  Arizona  who  live  on  the  north  side  can  not  go 
to  their  capital  or  communicate  with  the  people  of  the  other  side  without  going 
out  of  the  Territory  and  traveling  hundreds  of  miles.  All  that  district  should 
be  attached  to  Utah. 

Mr.  Herbert.  The  river  forms  the  line  between  Arizona  and  California,  I  believe. 

Maj.  Powell.  Yes,  sir;  the  river  forms  the  line. 

Mr.  Hatch.  Is  that  blue  line  the  river?  I  can  not  see  distinctly  from  here. 

Maj.  Powell.  Yes,  sir;  it  is  the  Colorado  River.  The  immediate  valley  of  the 
Colorado,  in  its  lower  course,  is  not  very  wide;  still,  it  is  probable  that  considerable 
areas  can  be  irrigated  on  both  sides  of  the  river.  Perhaps  this  can  be  done  to  good 
advantage  by  pumping.  It  may  be  that  it  will  not  pay  to  control  so  great  a  river 
to  irrigate  the  bottom  lands.  The  settlers  are  already  using  pumps  very  success¬ 
fully.  Just  to  the  west,  here  in  southern  California,  there  is  a  vast  area  of  good 
land.  How  the  waters  are  to  be  got  there  we  yet  do  not  know.  There  are  also 
good  lands  in  Mexico — this  region,  as  you  see  [indicating].  Here,  farther  in  the 
interior  of  California,  is  a  great  sink,  which  is  a  continuation  of  the  basin  of  the 
Gulf  of  California,  and  the  region  lies  below  the  level  of  the  sea. 

Mr.  Herbert.  Is  that  fertile  land  ? 
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Maj.  Powell.  It  would  be  fertile  if  covered  with  water;  but  it  can  not  be  irri¬ 
gated  or  cultivated  from  the  fact  that  it  can  not  be  drained.  If  the  land  were 
irrigated  it  would  soon  be  destroyed  by  alkaline  salts;  and  as  it  is  below  the  level  of 
the  sea,  there  is  no  possibility  of  drainage.  The  impossibility  of  drainage  is  a  con¬ 
siderable  difficulty. 

I  will  next  take  up  the  map  of  Utah.  As  there  is  a  great  deal  of  country  to  go 
over  I  will  select  only  salient  points  as  we  go  along,  lest  I  weary  you. 

The  region  represented  on  the  map  before  you  will  illustrate  some  rather  impor¬ 
tant  facts  in  connection  with  the  control  of  the  waters  for  irrigation.  The  Sevier 
River  heads  just  opposite  the  Kanab.  It  flows  northward  until  it  leaves  the  moun¬ 
tains,  and  runs  out  to  the  sand  plain  or  desert  on  the  west  and  enters  the  Sevier 
Lake,  a  salt  lake,  a  sink.  There  is  a  development  of  agriculture  originally  along 
the  plain  of  the  lower  river.  It  has  been  developed  here  to  the  extent  of  utilizing 
all  the  waters  of  the  irrigating  season,  but  no  waters  have  been  stored.  Some  of 
the  country  is  being  rapidly  settled  on  the  headwaters  up  in  the  mountains.  The 
waters  from  the  land  originally  irrigated  are  being  taken  away,  so  that  some  of  the 
farmers  are  compelled  to  abandon  part  of  the  land  which  before  was  irrigated  in 
this  region  of  country.  The  places  for  storing  are  in  these  upper  regions.  The  waters 
of  the  Sevier  ought  to  be  used  in  the  two  sections  of  the  lower  valley,  where  wheat 
and  corn  can  be  raised  and  a  great  variety  of  other  crops;  but  in  order  to  do  it  the 
waters  must  be  stored  in  the  mountain  regions  above,  where  the  storage  basins  are. 
This  upper  region  is  well  forested  and  contains  a  great  body  of  pasturage  land. 
The  land  below,  where  agriculture  is  to  be  practiced,  is  almost — not  entirely,  but 
almost — destitute  of  grass,  but  very  valuable  for  agriculture,  as  it  is  a  warm  climate. 
If  the  region  here  is  to  be  irrigated  to  the  entire  capacity  of  the  Sevier  River,  then 
the  water  must  be  stored  in  the  upper  regions,  and  the  people  who  irrigate  these 
valleys  must  have  control,  by  some  process  or  other,  of  the  watfers  of  the  upper  re¬ 
gion. 

It  is  the  same  problem  as  is  exhibited  elsewhere;  the  people  are  interested  in  the 
protection  of  the  forests  about  the  sources  of  their  water,  and  in  the  protection  of 
the  grasses,  so  as  to  feed  their  cattle  in  the  summer.  This  is  the  story  over  and 
over  again  wherever  we  may  go,  a  peculiar  fact  being  that  in  general  the  agricul¬ 
ture  is  dependent  upon  the  land  not  owned  by  the  agriculturists,  or  not  occupied  di¬ 
rectly  by  the  agriculturists — that  is,  the  waters  come  from  another  region.  The 
canals  have  to  be  constructed  over  other  lands,  the  storage  basins  are  not  lands  that 
are  occupied  for  agriculture,  and  the  catchment  areas  are  in  other  districts,  where 
they  must  be  protected  from  destruction  by  waste  of  the  forests,  etc. ,  so  that  wher¬ 
ever  agriculture  is  to  be  developed  by  the  utilization  of  the  streams  of  the  country, 
the  people  themselves,  the  agriculturists,  have  an  interest  in  some  other  country. 
That  is  the  most  important  fact  about  the  whole  system  of  irrigation  everywhere. 

There  are  some  other  interesting  problems  on  the  Sevier,  but  I  will  pass  on  to  Salt 
Lake  Valley.  The  Salt  Lake  Valley  is  one  where  some  evils  growing  out  of  improv¬ 
ident  projection  of  canals  and  improvident  utilization  of  waters  are  very  clearly 
illustrated.  The  Jordan  heads  in  the  Wasatch  Mountains  and  in  the  Uintah 
Mountains  beyond.  There  are  a  number  of  small  streams  here  [indicating  on  map]. 
These  streams  run  into  Utah  Lake.  The  river  is  known  as  the  Jordan  from  the 
point  where  it  leaves  Utah  Lake  to  the  point  where  it  enters  Salt  Lake. 

Mr.  Herbert.  Is  Utah  Lake  salt  ? 

Maj.  Powell.  It  is  not  salt;  it  is  fresh  water.  Salt  Lake  is  salt.  There  is  irri¬ 
gation  all  along  these  streams,  on  the  Provo,  the  Spanish  Fork,  and  so  on.  A  fine 
area  around  Utah  Lake  is  already  irrigated  by  streams  which  run  from  the  moun¬ 
tains.  A  great  many  creeks  run  down  from  the  Wasatch  Mountains  into  Jordan 
River  that  are  used  for  irrigation.  On  entering  the  country  the  people  settled  low 
down  comparatively  in  the  valley  of  the  Jordan  and  took  the  water  from  these 
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streams  that  run  down  into  the  Jordan  and  brought  it  on  the  plains  or  lowlands 
near  the  Jordan  River.  Then  ultimately  they  wanted  to  use  the  Jordan  itself.  Utah 
Lake  is  itself  a  great  storage  reservoir,  and  it  is  utilized  to  some  extent  for  that 
purpose  now,  and  only  a  small  expenditure  is  needed  to  make  it  a  storage  reservoir 
of  vast  resources  ;  but  the  people  there  can  not  utilize  it  because  they  have  entan¬ 
gled  themselves  with  prior  rights.  They  have  taken  out  the  waters  of  these  streams 
onto  the  only  land  that  can  be  reached  by  the  Jordan,  instead  of  taking  them  higher 
up  in  the  lateral  valleys.  Now,  in  order  to  utilize  the  whole  Jordan  they  must 
move  this  agriculture  by  the  banks  of  the  Jordan  away  to  districts  up  the  tributary 
streams.  We  are  coming  to  that  condition  everywhere  in  the  West.  The  tendency 
is  first  to  utilize  small  streams  on  the  lands  that  should  be  reserved  for  the  large 
streams.  Then  when  the  large  stream  is  to  be  used  it  can  not  be,  because  of  vested 
rights.  They  are  adjusting  these  matters  by  Church  authority  in  Utah,  but  we  can 
not  elsewhere  in  the  country  manage  it  that  way. 

Now,  another  problem  is  illustrated  clearly  in  Utah.  Utah  Lake  is  a  natural 
reservior,  and  it  would  take  only  a  small  dam  and  the  opening  of  canals  to  irrigate 
all  this  valley  of  the  Jordan.  But  the  people  who  settled  on  these  plains  settled 
along  the  margin  of  the  lake  ;  established  their  homes  near  the  lake.  If  the  water 
which  goes  into  Utah  Lake  is  to  be  stored  and  all  of  it  saved  by  constructing  a  dam — 
which  can  be  done  very  cheaply  at  the  outlet  of  the  lake— and  make  a  reservoir  for 
all  the  waters  of  the  year,  then  all  this  agriculture  has  to  be  bought  out,  because 
the  lands  will  be  flooded.  They  have  already  irrigated  from  one  to  two  hundred 
thousand  acres  of  land  by  raising  a  dam  two  or  three  feet  high  at  this  point,  but 
they  did  it  without  first  consulting  the  people  above.  As  soon  as  they  stopped  the 
waters  here  and  dammed  them  upon  the  land,  there  resulted  a  contest  between  two 
counties,  Salt  Lake  County  and  Utah  County,  and  it  was  settled  locally  by  Church 
arbitrators.  One  county  paid  one-third  of  the  expense,  the  other  paid  one-third, 
and  the  Church  paid  one-third,  so  that  the  matter  was  settled.  But  a  large  area 
below,  on  the  Jordan,  could  be  irrigated  if  all  these  rights  along  the  margin  of  the 
river  were  bought  out. 

Mr.  Hansbrough.  Is  that  area  settled  upon  now? 

Maj.  Powell.  Yes,  sir. 

Mr.  Hansbrough.  That  can  be  irrigated  ? 

Maj.  Powell.  Yes,  sir;  that  area. 

Mr.  Hansbrough.  This  is  wild  land  ? 

Maj.  Powell.  Aes,  sir;  and  that  wild  land  can  not  be  settled  now,  because  it  is 
blocked  by  the  settlement  above;  and  that  is  the  condition  we  are  coming  to  again 
and  again  all  over  the  arid  lands,  blocking  the  utilization  of  the  waters  by  establish¬ 
ing  impedimentary  rights  elsewhere.  If  the  canals  projected  and  begun  during  the 
past  years,  since  the  passage  of  the  act  creating  an  Irrigation  Survey,  are  actually 
constructed,  and  the  various  plans  before  Congress  for  granting  rights  of  way  are 
actually  granted,  and  if  the  various  plans  for  granting  rights  of  way  by  States  and 
Territories  are  actually  given,  and  the  canals  constructed  there  which  are  now  pro¬ 
jected — if  all  the  schemes  on  hand  to-day  and  developed  in  the  last  eighteen  months 
are  carried  out,  it  will  be  impossible  to  utilize  all  the  waters  of  the  country  without 
buying  out  vested  rights  to  the  amount  of  several  hundred  million  dollars.  The 
process  now  is  to  block  development  in  the  manner  in  which  I  have  spoken.  That 
arises  from  the  fact  that  the  first  irrigation  goes  into  a  country  regardless  of  the 
future  development  of  the  country,  and  selects  first  the  smaller  streams  that  can  be 
taken  out  the  cheapest,  and  takes  the  water  on  the  lowest  land,  when  the  water 
ought  to  be  taken  out  near  the  source. 

Mr.  Pickler.  How  do  you  account  for  the  multiplicity  of  schemes  in  the  last 
eighteen  months? 

Maj.  Powell.  It  is  because  of  the  large  increment  of  value  given  to  land  by  rea- 
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son  of  irrigation.  It  is  so  enormous  that  there  is  no  difficulty  in  obtaining  hundreds 
of  millions  of  dollars  for  the  land's  redemption.  Hardly  a  week  passes  that  some 
foreign  or  American  investment  company  does  not  write  to  me  asking  for  informa¬ 
tion.  Capital  is  offering  everywhere.  You  must  appreciate  what  it  means  to  take 
desert  land  that  has  little  or  no  value  and  make  it  worth  anywhere  from  $30  to  $200 
an  acre,  and  after  these  lands  have  been  increased  thus  in  value,  to  obtain  perma¬ 
nent  right  to  water  and  make  a  permanent  investment.  The  opportunities  for  in¬ 
vestment  and  for  making  grand  fortunes  are  so  great  that  money  pours  into  the 
country  for  the  purpose. 

Mr.  Herbert.  You  have  estimated  that  it  will  take  several  hundred  million  dol¬ 
lars  to  buy  out  the  rights  that  will  be  vested  if  existing  plans  are  carried  out.  Wliat 
is  your  estimate  of  the  amount  that  would  be  required  to  buy  out  vested  rights  in 
order  to  carry  out  the  provisions  of  the  bill  which  is  before  us,  the  general  bill? 

Maj.  Powell.  I  think  that  less  than  one-fifth.  That  bill  does  not  propose  that 
the  Government  shall  do  it,  but  provides  for  condemnation  of  rights  and  that  the 
people  shall  do  it  themselves.  I  think  while  I  am  on  this  point  it  is  best  to  go  to 
another  in  regard  to  these  impedimentary  or  obstructive  rights  which  are  growing 
up  in  the  country.  I  can  illustrate  it  on  the  map  here.  Going  back  here  to  Phoe¬ 
nix.  At  first  the  irrigators  take  out  a  stream  in  a  cheap  way.  They  plant  a  sand 
dam  or  a  brush  dam  or  a  bowlder  dam,  just  enough  to  check  the  flow  of  water  a 
little,  so  as  to  turn  a  part  of  the  water  into  a  canal.  They  run  low-line  canals  over 
the  land  and  irrigate  a  strip  of  lowland  which  at  times  of  very  high  water  will  be 
overflowed  by  the  river.  Two  or  three  miles  below  they  take  out  another  such 
canal,  and  still  below  another.  Thus,  along  the  course  of  a  stream  they  will  take 
out  twenty  or  fifty  little  canals  following  the  stream.  Now,  in  order  that  the  water 
shall  flow  into  these  canals  it  is  necessary  that  a  much  larger  volume  than  the 
canals  themselves  will  carry  shall  go  past  them.  If  the  two,  three,  ten,  or  twenty 
canals  were  consolidated  and  a  point  selected  upon  the  stream  where  the  river 
closes  in  and  has  a  rocky  bottom,  and  a  great  dam  were  constructed  and  one  great 
canal  used  to  irrigate  the  country  that  can  be  supplied,  two,  four,  or  ten  times  the 
amount  of  land  could  be  irrigated  and  the  one  great  canal  would  cost  less  than  the 
many  canals  originally  established.  But  the  canals  originally  established  will  not 
permit  a  high-line  canal  to  be  taken  out,  because  those  persons  not  only  want  the 
water  which  flows  in  their  canals  to  go  down,  but  they  must  have  a  sufficient  vol¬ 
ume  of  water  to  pass  their  canal  mouths  so  that  their  canals  may  catch  some.  The 
dams  are  not  sufficient  to  catch  the  whole  body  of  the  water,  and  only  a  little  can 
be  turned  off  by  these  canals,  so  they  must  have  a  great  body  of  water  flowing 
down  the  river  in  order  to  get  a  small  body  out  in  the  canal.  This  is  quite  an  im¬ 
portant  consideration. 

Mr.  Hatch.  It  results  in  a  great  waste  of  water. 

Maj.  Powell.  The  result  of  which  is  a  great  waste  of  water.  It  is  illustrated 
here  in  this  region  of  country.  They  want  to  irrigate  a  large  tract  of  land.  A  com¬ 
pany  is  organized  to  do  it.  That  company  buys  up  all  the  land  and  takes  out  the 
water  above.  In  order  to  buy  these  earlier  men  out  they  not  only  have  to  purchase 
the  lands  but  they  must  also  purchase  the  water  rights. 

It  will  thus  be  seen  that  there  are  two  classes  of  impedimentary  rights  which  are 
being  established  in  the  country.  The  first  arises  through  the  utilization  of  small 
streams  on  lands  which  should  be  reserved  for  the  service  of  the  large  streams,  and 
by  this  means  rights  and  interests  ai’e  established  which  prevent  the  proper  utiliza¬ 
tion  of  the  large  streams.  The  second  class  relates  to  the  construction  of  wasteful 
low-line  canals  that  prevent  the  construction  of  high-line  canals  where  the  waters 
could  be  used  much  more  economically  in  the  aggregate,  and  where  none  would  be 
wasted.  Some  of  these  rights  are  already  established,  and  provision  must  be  made 
by  some  authority  for  their  gradual  extinguishment;  but  the  matter  of  most  im- 
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portance  is  to  prevent  their  establishment  in  the  future.  The  evil  is  already  seen, 
and  it  should  not  be  permitted  to  grow. 

The  Chairman  .  Is  not  the  southern  part  of  California  under  irrigation  more  than 
the  north  ? 

Maj.  Powell.  There  is  much  irrigation  development  there.  A  survey  ought  to 
be  made  there.  When  the  committee  reaches  the  place  to  question  me  in  reference 
to  the  surveys  I  want  to  bring  the  matter  out,  Mr.  Chairman,  if  you  please. 

The  State  of  Nevada  has  but  little  water.  The  mountains  of  Nevada  are  low  in 
the  main,  and  the  waters  mostly  fall  on  the  mountains.  The  principal  bodies  of 
water  which  fall  in  the  mountains  of  Nevada  are  not  used  in  that  State.  They 
must  be  used  in  another  State.  On  the  other  hand,  the  principal  streams  which  are 
to  be  used  in  Nevada  head  in  another  State.  The  State  lines  chance  to  run  in  that 
manner.  Before  you  is  a  map  of  a  portion  of  Nevada  which  illustrates  it.  Here  is 
Truckee  River.  We  have  made  a  survey  of  the  Truckee  River,  so  I  am  able  to 
give  definite  facts  about  it.  It  is  part  of  last  year’s  work.  The  waters  of  the 
Truckee  River  may  be  stored  in  part  in  Nevada,  but  in  chief  part  in  California. 
The  uppey  waters  of  the  Truckee  River  can  be  stored  in  five  or  six  lakes  and  in  some 
mountain  valleys  with  great  economy,  but  the  lands  to  be  irrigated  thereby  lie  in 
the  State  of  Nevada.  The  State  of  Nevada  made  an  appropriation  which  proposed 
to  give  the  income  derived  from  the  lands  which  ax-e  granted  by  the  United  States 
and  some  other  sources  to  the  development  of  irrigation.  They  passed  an  appropria¬ 
tion  last  year,  if  I  remember  rightly,  of  $150,000  to  be  used  in  creating  storage  res¬ 
ervoirs. 

Mr.  Herbert.  In  Colorado  ? 

Maj.  Powell.  No,  sir  ;  in  the  State  of  Nevada  ;  and  when  we  came  to  examine 
the  condition  of  affaii's,  the  physical  condition,  it  was  found  that  the  work  had  to 
be  done  in  California ;  so  it  was  blocked.  The  timber  above  the  water  sources  there 
must  be  preserved  to  protect  these  water  rights.  All  this  great  farming  district, 
and  it  is  a  rich  farming  district,  requires  for  its  protection  authority  to  manage  the 
forest  above  the  reservoirs.  The  same  statement  applies  to  the  Carson  River  and 
the  Walker  River.  These  three  rivers,  surveys  of  which  have  been  made,  can  have 
all  their  waste  waters  stored  in  the  State  of  California  and  in  their  own  State,  but 
in  order  to  do  it  there  must  be  some  right  in  the  farmers  below  to  control  the  land 
above,  and  when  storage  basins  are  thus  constructed,  there  must  be  established 
some  way  in  which  they  canpi'otect  them. 

I  think  I  will  not  go  on  to  explain  the  reservoir  systems  in  this  region.  There  are 
many  other  small  streams  throughout  Nevada  which  can  be  utilized,  but  the  chief 
reservoirs  are  on  these  thi-ee  streams  which  I  have  mentioned.  The  chief  source  of 
irrigation  in  Nevada  is  the  storage  of  the  storm-waters,  so  that  the  great  develop¬ 
ment  of  irrigation  in  that  State  depends  upon  conditions  very  much  like  those  per¬ 
taining  to  the  region  along  the  one  hundredth  meridian,  which  I  will  afterwards 
explaiii.  Iam  going  over  the  ground  very  rapidly,  not  to  weary  you  ;  if  I  have  not 
explained  this  matter  fully  enough  I  shall  be  pleased  to  answer  any  questions. 

This  is  a  map  of  Southern  California  and  of  a  portion  of  Nevada.  I  have  divided 
this  into  irrigation  districts,  as  ultimately  it  must  be  done.  Somehow  or  other,  by 
some  authority  or  other,  the  people  who  live  in  these  disti’icts  must  as  a  body 
politic  control  all  the  waters,  all  the  timber,  and  all  the  pasturage  within  each. 
How  it  is  to  be  accomplished  I  do  not  know,  but  it  is  a  necessity  for  the  country. 
I  wish  to  call  attention  to  the  Kern  River,  which  is  now  used  lai'gely  for  irrigation. 
On  its  headwaters  there  are  some  fine  basins  which  can  be  used  for  storage  of  water. 
It  is  a  very  highly  developed  agricultural  district,  and  it  has  been  developed  by  a 
company  obtaining  land  along  the  lower  part  of  the  river ;  this  i-egion  of  country 
here  [illustrating  on  map].  Had  that  river  chanced  to  be  taken  out  from  50  to  75 
miles  farther  up  than  where  it  was  taken  out,  the  ultimate  area  irrigated  would 
have  been  more  than  twice  the  amount. 
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Mr.  Herbert.  What  river  is  that  ? 

Maj.  Powell.  The  Kern. 

The  Chairman.  I  would  call  your  attention  to  one  fact  about  the  irrigation  of 
the  Kern.  That  has  been  done  mostly  by  Haggin  and  Carr.  They  control — I  got 
this  from  themselves — about  400,000  aci'es  of  land.  They  have  got  water  enough 
to  irrigate  2,000,000  acres  of  land.  I  have  a  report  from  the  registrar  of  the  land 
office  at  Los  Angeles,  which  states  that  in  that  district  there  are  13,000,000  acres  of 
land  in  the  Mohave  and  Colorado  Desert  subject  to  entry  under  the  desert  land  act. 
Here  is  one  company  who  control  the  water  that  will  irrigate  2.000,000  acres  of 
land,  and  they  now  control  about  350,000  to  400,000  acres. 

Mr.  Herbert.  Is  that  company  incorporated  under  the  laws  of  California  ? 
Have  they  a  charter  to  take  out  that  water  ? 

The  Chairman.  It  is  a  partnership. 

Mr.  Herbert.  Have  they  any  charter  granted  by  the  State  of  California  ? 

The  Chairman.  Only  under  the  old  law  of  prior  appropriation. 

Mr.  Herbert.  That  is  a  law  of  the  State. 

The  Chairman.  Yes,  sir. 

Mr.  Pickler.  That  is  the  law  of  all  these  States,  the  law  of  prior  appropriation. 

Maj.  Powell.  It  is  the  law  of  all  of  them. 

The  Chairman.  They  have  got  one  canal  3,  4,  or  5  miles,  120  feet  surface  width, 
80  feet  in  the  bottom,  and  it  is  6  feet  deep,  and  that  is  made  as  a  feeder  to  small  canals. 

Mr.  Herbert.  What  I  was  trying  to  ascertain  was  whether  there  were  any  statutes 
in  the  State  of  California  upon  this  question  of  irrigation. 

■  The  Chairman.  We  have  a  good  law  now  under  which  we  are  organizing  irriga¬ 
tion  districts ;  that  is  known  as  the  Wright  bill,  and  under  that  law  they  are  author¬ 
ized  to  issue  bonds,  aud  they  are  being  issued,  and  are  being  taken  with  great  rapidity, 
perhaps  two  millions  of  money  having  been  invested  in  these  irrigation  bonds  in  Cali¬ 
fornia,  and  before  it  gets  through  it  will  run  up  to  fifty  millions. 

Mr.  Herbert.  What  is  the  nature  of  that  law;  is  it  a  general  law  by  which  any 
parties  complying  with  certain  conditions  can  incorporate  themselves  and  acquire 
rights  ? 

Maj.  Powell.  The  Wright  bill  of  California  will  rapidly  develop  the  irrigation 
of  the  country.  The  Wright  bill  of  California  will  affect  the  establishment  of  con¬ 
flicting  rights  in  a  very  bad  way,  and  it  will  ultimately  result,  as  far  as  it  is  carried 
into  effect  (and  it  will  be  carried  into  effect  very  rapidly) — it  will  ultimately  result 
in  all  the  irrigation  of  that  land  falling  into  the  hands  of  companies,  and  either  the 
farming  will  be  done  by  wholesale,  or  the  farming  will  get  into  the  hands  of  indi¬ 
viduals  and  the  companies  own  the  waters.  It  has  very  good  features.  The  diffi¬ 
culty  with  the  Wright  bill  is  this,  that  it  does  not  provide  for  the  organization  of 
irrigation  districts  as  natural  hydrographic  basins.  Any  tract  of  land  or  region  of 
country  may  be  organized  into  an  irrigation  district,  and  the  people  may  issue  bonds 
to  raise  the  money  for  the  construction  of  irrigation  works.  But  these  districts  will 
soon  be  in  conflict  with  one  another,  as  there  are  no  means  yet  provided  for  the 
division  of  the  waters  among  them.  If  the  law  had  provided  for  irrigation  districts 
such  as  I  have  described  to  you,  it  would  be  a  long  step  in  the  right  direction.  As 
it  is,  it  will  ultimately  lead  to  the  multiplication  of  controversies,  and  put  neighbor¬ 
hood  at  war  with  neighborhood.  In  most  of  the  States — if  I  remember  rightly  in 
all  the  other  States  which  have  been  organized — the  State  constitutions  declare 
that  the  waters  are  the  property  of  the  people,  but  at  the  same  time  rights  are 
granted  to  companies  and  individuals  to  control  the  water  as  distinct  from  the  land, 
so  that  the  tendency,  except  in  southern  California,  and  also  in  Utah,  is  to  put  the 
lands  and  the  waters  in  the  hands  of  capitalists  or  corporations  ;  and  that  is  going  on 
at  a  very  rapid  rate.  In  southern  California  ,  at  Greeley  and  other  places  in  Colorado, 
in  the  Mexican  settlements,  and  in  Utah,  the  tendency  is  to  put  the  control  in  the 
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hands  of  small  owners.  Outside  of  these,  all  the  lands  and  all  the  waters  are  com¬ 
ing  under  the  control  of  companies  at  a  rapid  rate,  at  the  rate  of  millions  of  dollars 
annually. 

The  Chairman.  As  a  general  thing  the  water  is  rented  out  to  the  consumer. 

Maj.  Powell.  In  that  country  ? 

The  Chairman.  Except  Haggin  and  Carr,  where  they  own  practically  the  great 
bulk  of  land. 

Maj.  Powell.  This  matter  on  the  Kern  River  illustrates  what  is  going  on  every¬ 
where  except  in  the  particular  regions  I  have  mentioned. 

The  Chairman.  This  firm  is  now  endeavoring  to  sell  the  land  at  reasonable  rates 

the  land  with  the  water  attached,  both  go  together. 

Mr.  Herbert.  A  ou  spoke  of  Utah  and  some  other  regions  in  which  the  tendency 
is  for  small  owners  to  get  control.  Will  you  explain  in  your  testimony  and  append, 
if  jou  please,  to  your  answers  the  local  laws  and  regulations  under  which  this  is 
accomplished  ? 

Maj.  Powell.  Yes,  sir.  The  settlements  in  southern  California  have  been  made 
by  men  who  appreciate  this  question.  The  streams  are  not  large.  Irrigation  de¬ 
pends  on  springs,  small  sources,  and  to  some  extent  on  artesian  wells,  and  the  use 
of  the  water  on  these  streams  in  some  cases  has  been  in  litigation.  Now  gradually 
the  communities  are  buying  up  the  rights.  At  Riverside  they  had  a  long  litigation 
and  resorted  at  one  time  to  shotgun  protection  against  the  water  company.  But 
finally  they  compromised  the  matter  and  bought  the  companies  out  as  a  community; 
and  in  the  main,  communities  are  getting  control  of  the  water  in  southern  California. 

In  all  Spanish  communities  the  world  over,  not  only  Mexico  and  California,  but 
in  Spain,  the  common  law  provides  for  that:  the  old  law  that  has  come  down 
through  centuries  keeps  the  control  of  the  water  in  municipalities.  They  seem  to 
think  they  are  doing  the  same  in  Colorado  and  in  some  of  the  States  and  Territories 
by  providing  in  their  constitutions  that  the  water  belongs  to  the  people,  but  when 
they  charter  a  company  or  an  individual  and  give  to  him  the  right  to  take  out  the 
"  a*-ei  >  they  convey  that  which  should  belong  to  the  people,  just  as  much  as  if  a  man 
should  seize  and  possess  without  a  charter— the  effect  is  just  the  same.  So  while 
they  think  they  accomplish  this  matter  they  have  not  done  it,  because  in  connec¬ 
tion  with  the  reservation  which  generally  declares  that  the  waters  belong  to  the 
people,  they  further  provide  in  the  statutes  that  grants  may  be  made  to  individuals 
and  corporations  to  take  out  the  water  instead  of  leaving  it  in  the  hands  of  munici¬ 
palities  or  bodies  of  people  at  large.  You  see  how  that  defeats  the  general  purpose 
of  the  statutes. 

Mr.  Herbert.  One  difficulty,  I  understand,  in  the  way  is,  in  this  country  they 
ai  e  much  more  strict  in  upholding  vested  rights  than  they  are  in  countries  governed 
by  the  civil  law.  The  Dartmouth  College  case  has  gone  a  long  way  in  the  settle¬ 
ment  of  this  question.  The  holding  in  that  case  affected  the  question  very  seriously. 

Maj.  Powell.  There  are  two  methods  of  controlling  irrigation  and  dealing  with 
these  questions.  Throughout  all  lands,  where  agriculture  depends  upon  irrigation 
anywhere,  there  are  two  diverse  systems  of  administration.  The  Spanish  and  Ital¬ 
ian  people  provide  one  system  of  administration ;  the  French  and  English  provide 
another.  This,  I  think,  is  worthy  of  explanation.  It  will  be  understood,  first,  that 
agriculture  where  irrigation  is  practiced  is  practically  under  conditions  with  which 
we  are  unfamiliar  in  this  country.  We  come  from  a  humid  land,  where  a  man  may 
make  a  farm  for  himself,  because  the  clouds  supply  sufficient  rain;  but  wherever 
agriculture  is  dependent  upon  irrigation  the  agriculturist  is  dependent  upon  the 
river  and  catchment  area  away  from  his  land.  The  second  fact  is.  that  if  the  land 
is  to  be  irrigated,  irrigation  works  are  to  be  constructed,  perhaps  costing  $100,000, 
$500,000,  $5,000,000,  or  $10,000,000  before  anybody  can  cultivate  anything.  We 
find  one  of  these  two  sy-  terns  ultimately  prevail;  either  the  people  are  put  in  posses- 
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sion  of  the  rights  by  municipalities  and  work  out  their  own  systems  of  administration 
for  themselves,  as  in  the  Spanish  colonies  and  in  Spain  itself;  or  the  British  system 
prevails,  where  the  Government  owns  the  works,  and  takes  possession  of  the  waters 
and  supplies  the  water  to  the  farmers  and  charges  them  for  it.  This  is  the  British 
system  in  India.  The  chief  revenue  which  the  British  Government  derives  from 
India  is  the  tolls  on  its  irrigating  canals.  Now,  before  you  there  are  two  bills,  one 
looking  in  one  direction,  the  other  exactly  in  the  opposite  direction,  in  reference  to 
this  matter;  one  putting  the  control  in  municipalities,  the  other  putting  it  in  the 
National  Government;  and  the  issue  has  got  to  be  met,  because  the  people  are  com¬ 
mencing  the  work  of  irrigation.  They  have  already  irrigated  seven  or  eight  million 
acres  of  land  in  the  country.  They  are  flowing  into  the  country  in  large  numbers, 
and  capital  is  ready  to  be  invested,  and  the  country  will  be  irrigated  because  of  the 
enormous  increment  in  value  to  the  property  which  arises  from  irrigation ;  and 
some  system  has  to  be  adopted  to  regulate  it. 

The  Chairman.  The  Constitution  confers  upon  Congress  the  right  to  regulate 
commerce  between  the  States,  but  it  does  not  go  far  enough  to  reach  this  question 
of  irrigation. 

Mr.  Herbert.  One  method  of  getting  the  control  of  this  matter  into  the  hands  of 
municipalities  would  be  to  turn  over  the  lands  to  the  several  States  and  Territories 
and  let  them  control  it.  Of  course  that  would  not  answer  for  all  these  cases  of 
which  the  Major  is  speaking,  but  it  is  a  question  whether  that  would  not  be  after 
all  the  best  we  could  do. 

Mr.  Pickler.  To  turn  the  lands  over  ? 

Mr.  Herbert.  Yes,  sir;  to  the  States  and  Territories. 

The  Chairman.  That  would  be  a  good  suggestion.  The  same  difficulty  would 
exist  which  still  exists  of  conflicts  between  adjoining  States  and  Territories  unless 
you  would  enlarge  the  definition  of  commerce. 

Mr.  Herbert.  The  Constitution  is  pretty  elastic  under  the  construction  of  some 
people.  Commerce  does  not  include  simply  that  which  flows  upon  the  water  and 
is  transferred  from  one  locality  to  another.  It  includes  also  what  is  produced  in 
the  ground. 

Maj.  Powell.  There  is  before  you,  Mr.  Chairman  and  gentlemen  of  the  com¬ 
mittee,  a  map  of  the  Bear  River.  It  heads  in  Wyoming  chiefly,  up  here  in  the 
mountains;  then  runs  into  Utah,  passes  into  Idaho,  and  returns  into  Utah.  The 
catchment  area  is  in  part  in  Utah  and  in  part  in  Wyoming.  It  will  be  remembered, 
when  we  see  a  great  area  of  country  like  that,  that  the  catchment  area  is  a  mount¬ 
ain  area,  that  there  the  water  is  concentrated  and  there  the  great  volume  of  water 
falls,  and  that  very  little  falls  in  the  valley  below. 

Mr.  Herbert.  It  is  a  great  water-shed. 

Maj.  Powell.  It  is  a  great  water-shed.  The  catchment  area  is  chiefly  in  Utah, 
and  the  irrigation — not  the  whole  of  it,  but  a  little  of  it — is  in  Idaho.  Its  reservoirs 
will  be  partly  in  Utah,  partly  in  Idaho,  and  partly  in  Wyoming.  A  little  agricul¬ 
ture  can  be  practiced  along  here  in  Idaho,  but  the  principal  part  of  it  commences 
near  the  line  between  Idaho  and  Utah  and  extends  down  the  valley  to  Salt  Lake. 
The  greater  part  of  the  waters  are  to  be  utilized  there.  But  in  order  to  utilize 
these  waters  fully .  somehow  or  other  the  right  to  control  the  irrigation  works  in 
Idaho  and  Wyoming  also  must  be  obtained.  This  is  one  of  the  most  complex 
problems  which  we  have.  There  is  a  very  beautiful  body  of  land  along  the  Bear 
River,  and  irrigation  has  already  been  practiced,  and  the  people  are  in  conflict. 
The  governor  of  Idaho  and  the  people  of  Idaho  have  petitioned  the  Secretary  of 
the  Interior  to  stop  the  development  of  the  irrigation  work  by  the  people  of  Utah. 
The  matter  is  in  controversy,  and  the  controversy  is  very  bitter  between  the  two 
Territories. 

The  Chairman.  Can  you  determine  the  volume  of  water  flowing  in  those  streams? 
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Maj.  Powell.  We  are  measuring  it. 

The  Chairman.  You  know  that  is  an  important  element  in  the  problem. 

Maj.  Powell.  When  I  come  to  explain  what  the  survey  is  doing  I  will  show  you 
in  regard  to  that. 

Mr.  Chairman,  I  now  place  before  you  a  map  of  the  great  Snake  River  Valley. 
The  river  heads  in  Wyoming,  and  making  a  great  bend  southward  passes  through 
Idaho  Territory,  then  turning  northward  it  becomes  the  boundary  line  between 
Idaho  and  Oregon;  then  it  iorms  a  portion  of  the  boundary  line  between  Idaho 
and  Washington,  where  it  empties  into  the  Columbia.  It  is  thus  that  Wyoming? 
Idaho,  Oregon,  and  Washington  are  interested  in  the  waters  of  this  great  river 
and  its  tributaries.  At  the  headwaters  of  the  stream,  in  Wyoming,  we  have  a  great 
catchment  area  where  deep  snows  and  heavy  rains  fall.  In  the  storage  of  the  waters 
of  this  stream  the  mountain  reservoirs  must  be  chiefly  in  Wyoming,  but  the  waters 
from  these  reservoirs  must  be  used  in  Idaho.  We  have  in  the  survey  already  dis¬ 
covered  sites  for  reservoirs  sufficient  to  irrigate  more  than  8,000,000  acres  of  land, 
and  the  water  coming  from  the  Wyoming  mountains  is  sufficient  to  fill  them.  One 
of  the  great  reservoir  sites  is  in  part  in  Wyoming  and  in  part  in  Idaho.  The  survey 
of  this  region  has  just  begun,  but  we  already  know  where  to  take  out  the  waters 
from  these  reservoirs  and  put  them  on  Idaho  lands  to  the  north  of  the  river.  These 
lands  lie  comparatively  low,  are  warm,  the  climate  is  salubrious,  and  ultimately 
there  must  be  a  great  body  of  agriculture  developed;  but  it  is  manifest  from  what 
I  show  you  that  some  means  must  be  provided  by  which  the  people  of  Idaho  who 
engage  in  agriculture  on  these  lands  can  protect  their  sources  of  water  supply  in 
Wyoming  and  have  control  of  the  irrigation  works  which  they  must  construct  there. 

Passing  down  the  river  you  see  a  number  of  streams  which  head  in  Nevada  on 
mountains.  These  streams  flow  northward  into  the  Snake  or  Shoshone  River.  The 
catchment  areas  are  in  part  in  the  mountains  of  Nevada  and  in  part  in  the  moun¬ 
tains  of  Idaho,  and  the  storage  must  be  there  and  irrigating  works  must  be  con¬ 
structed  there,  but  the  lands  to  be  irrigated  lie  down  the  streams  farther,  in  the 
Territory  of  Idaho.  Idaho  therefore  depends  upon  Wyoming  for  the  headwaters 
of  the  Snake,  and  on  Nevada  for  the  headwaters  of  these  tributaries.  The  Owyhee 
River,  that  heads  in  Nevada,  runs  across  the  corner  of  Idaho  into  Oregon.  The 
catchment  area  and  storage  basins  are  in  Nevada  and  Idaho,  but  the  irrigable  lands 
are  chiefly  in  Oregon;  the  people  of  Oregon,  therefore,  must  by  some  means  have 
control  of  the  sources  of  their  water  supply  in  Nevada  and  Idaho. 

All  of  these  rights  in  Idaho  involve  the  irrigation  of  from  6,000,000  to  8,000,000  or 
perhaps  10,000,000  acres  of  land.  The  principal  agricultural  values  of  the  State  are 
therefore  involved  in  interstate  contests  and  interstate  rights.  If  these  rights  are  not 
settled  a  vast  and  beautiful  agricultural  region  in  Idaho  will  remain  undeveloped 
and  agriculture  will  be  driven  into  the  mountains  of  Wyoming.  If  the  water  of  the 
Snake  is  to  be  taken  out  in  Idaho,  the  lands  to  which  it  is  to  be  taken  should  be  im¬ 
mediately  designated,  and  the  places  on  the  river  where  the  waters  are  to  be  diverted 
should  also  be  fixed,  for  if  rights  to  improvident  works  are  acquired  the  develop¬ 
ment  of  agriculture  to  the  extent  of  cultivating  1,000.000  or  2,000,000  acres  will  com¬ 
pletely  prevent  the  development  of  7,000,000  or  8,000,000  acres,  and  perhaps  more, 
by  methods  which  I  have  already  explained. 

Mr.  Hatch.  That  blue  line  represents  the  Snake  River? 

Maj.  Powell.  Yes,  sir. 

Mr.  Hatch.  Is  the  upper  part  of  that  map  north? 

Maj.  Powell.  Yes,  sir. 

The  Chairman.  It  is  a  tributary  of  the  Columbia? 

Maj.  Powell.  Yes,  sir;  the  portion  which  is  above  that  line  is  turned  westward 
and  runs  into  the  Columbia,  becoming  the  boundary  line  between  Oregon  and 
Washington. 
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Mr.  Hatch.  What  is  that  small  river  up  there  ? 

Maj.  Powell.  That  is  the  Salmon  River. 

Mr.  Chairman,  the  general  facts  which  I  have  been  presenting  in  relation  to  the 
utilization  of  the  stream  waters  of  the  arid  lands  can  be  illustrated  in  the  same 
manner  from  a  consideration  of  the  rivers  of  the  North,  and  I  have  prepared  these 
maps  which  you  see  for  that  purpose.  I  could  go  on  with  a  description  of  the 
Columbia  and  its  tributaries  and  bring  out  essentially  the  same  class  of  facts  which 
I  have  elucidated  in  my  statement  up  to  the  present  time.  The  utilization  of  the  . 
Missouri  River  and  its  great  tributaries  for  irrigation,  if  properly  considered,  would 
reveal  just  such  facts  as  I  have  been  presenting.  It  would  show  that  there  are 
many  international,  interstate,  and  intercommunity  problems  which  must  sooner 
or  later  be  solved.  In  all  of  these  streams  it  can  be  shown  that  if  the  entire  service 
of  the  water  is  to  be  secured  the  lands  must  be  properly  selected,  and  that  for  this 
purpose  the  high  mountain  regions  should  be  excluded,  that  is,  irrigable  lands  should 
not  be  selected  therein,  but  that  everywhere  lands  should  be  selected  as  near  to  the 
mountains  as  possible,  in  order  that  the  full  value  of  the  waters  may  be  obtained. 
Everywhere  it  could  be  shown  that  the  irrigable  lands  are  dependent  upon  catch¬ 
ment  areas  where  forests  and  grasses  are  abundant.  Everywhere  it  could  be  shown 
that  the  great  body  of  the  water  must  be  stored  in  the  mountains  on  the  catchment 
areas,  and  not  in  the  midst  of  the  irrigable  lands.  In  like  manner,  it  can  be  shown 
that  all  of  the  irrigating  works  must  be  constructed  on  these  catchment  areas,  out¬ 
side  of  the  lands  irrigated.  It  is  thus  that  the  farmers  or  the  irrigable  lands,  when 
such  lands  are  properly  selected,  are  primarily  and  radically  interested  in  the  man¬ 
agement  of  the  catchment  areas.  Already  the  time  is  exhausted,  and  I  can  not 
take  up  these  additional  illustrations. 

I  have  attempted  to  divide  all  of  the  arid  lands  dependent  upon  stream  waters 
into  irrigation  districts,  and  these  provisional  districts  I  have  shown  you  on  the 
maps  which  I  have  presented.  There  are  about  140  of  these  districts  as  they  aie 
now  planned,  and  each  district  is  about  as  large  as  two  01  dinary  counties;  but  they 
do  not  in  any  way  conform  to  county  lines,  county  lines  being  artificial,  as  are  the 
State  lines,  while  the  irrigation-district  lines  which  I  have  traced  aie  natuial.  These 
irrigation  districts  as  I  have  plotted  them  are  only  provisional;  a  final  survey  is  nec¬ 
essary  to  determine  them  with  accuracy.  There  are  a  number  of  trunk  districts  as 
I  have  laid  them  out  which  will  ultimately  be  divided,  but  our  knowledge  at  the 
present  time  is  not  sufficient  to  enable  us  to  divide  them  wisely.  It  is  probable  that 
about  150  districts  will  be  needed,  and  possibly  more,  so  that  each  district  shall  be 
composed  of  its  irrigable  lands  and  catchment  area.  But  I  beg  to  say,  in  conclu¬ 
sion.  that  the  division  into  natural  irrigation  districts  is  simple  and  can  be  readily 
accomplished  by  a  reasonably  careful  survey  of  the  ground;  and  let  me  say  that  if 
that  were  done  each  district  would  have  its  catchment  areas  with  timber  lands  and 
pasturage  lands  and  sites  for  irrigation  works,  and  in  the  midst  of  each  district,  or 
low  down  it,  the  irrigable  lands  would  be  found  in  a  somewhat  compact  body. 

Mr.  Hansbrough.  I  would  suggest.  Mr.  Chairman,  that  it  is  only  2  or  .1  minutes 
to  12  o’clock. 

Thereupon  the  comnittee  adjourned  to  meet  on  Saturday,  March  15,  at. half  past 
10  a.  m. 

As  requested  by  the  committee,  the  following  extracts  from  constitutions  and 
statutes  of  States  in  the  arid  region  are  appended  by  Maj.  Powell: 

EXTRACTS  FROM  THE  CONSTITUTIONS  OF  STATES  RELATING  TO  IRRI¬ 
GATION. 

[From  the  constitution  of  Colorado.] 

Sec.  5.  The  water  of  every  natural  stream  not  heretofore  appropriated  within  the  State  of  Colorado 
is  hereby  declared  to  be  the  property  of  the  public,  and  is  dedicated  to  the  use  of  the  people  of  the 
State,  subject  to  appropriation  as  hereinafter  urovided: 
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Sec.  6.  The  right  to  divert  unappropriated  waters  of  every  natural  stream  for  beneficial  uses  shall 
never  be  denied.  Priority  of  appropriation  shall  give  the  better  right  as  between  those  using  the 
water  for  the  same  purpose;  but  when  the  waters  of  any  natural  stream  are  not  sufficient  for  the 
service  of  all  those  desiring  the  use  of  the  same,  those  using  water  for  domestic  purposes  shall  have 
preference  over  those  claiming  for  any  other  purpose,  and  those  using  the  water  for  agricultural  pur 
poses  shall  have  the  preference  over  those  using  the  same  for  manufacturing  purposes. 

[From  the  proposed  constitution  of  Wyoming.] 

Article  No.  VIII. 

IRRIGATION  AND  WATER  RIGHTS. 

Section  1.  The  water  of  all  natural  streams,  springs,  lakes,  or  other  collections  of  still  water, 
within  the  boundaries  of  the  State,  are  hereby  declared  to  be  the  property  of  the  State. 

Sec.  2.  There  shall  be  constituted  a  board  of  control,  to  be  composed  of  the  State  engineer  and 
superintendents  of  the  water  divisions,  which  shall,  under  such  regulations  as  may  be  prescribed  by 
law,  have  the  supervision  of  the  waters  of  the  State  and  of  their  appropriation,  distribution,  and 
diversion,  and  of  the  various  officers  connected  therewith;  its  decisions  to  be  subject  to  review  by  the 
courts  of  the  State. 

Sec.  3.  Priority  of  appropriation  for  beneficial  uses  shall  give  the  better  right.  No  appropriation 
shall  be  denied  except  when  such  denial  is  demanded  by  the  public  interests. 

Sec.  4.  The  legislature  shall,  by  law,  divide  the  State  into  four  water  divisions,  and  provide  for  the 
appointment  of  superintendents  thereof. 

Sec.  5.  There  shall  be  a  State  engineer,  who  shall  be  appointed  by  the  governor  of  the  State  and 
confirmed  by  the  senate;  he  shall  hold  his  office  for  the  term  of  six  years,  or  until  his  successor  shall 
have  been  appointed  and  shall  have  qualified.  He  shall  be  president  of  the  board  of  control,  and  shall 
have  general  supervision  of  the  waters  of  the  State  and  of  the  officers  connected  with  its  distribution. 
No  person  shall  be  appointed  to  this  position  who  has  not  such  theoretical  knowledge  and  such  prac¬ 
tical  experience  and  skill  as  shall  fit  him  for  the  position. 

[From  the  constitution  of  Montana.] 

Article  III. 

Sec.  15.  The  use  of  all  water  now  appropriated,  or  that  may  hereafter  be  appropriated,  for  sale, 
rental,  distribution,  or  other  beneficial  use,  and  the  right  of  way  over  the  lands  of  others  for  all 
ditches,  drains,  flumes,  canals,  and  aqueducts  necessarily  used  in  connection  therewith,  as  well  as  the 
sites  for  reservoirs  necessary  for  collecting  and  storing  the  same,  shall  be  held  to  be  a  public  use. 

[From  the  constitution  of  Washington.] 

Article  XXI. 

Section  1.  The  use  of  the  waters  of  this  State  for  irrigation,  mining,  and  manufacturing  purposes 
shall  be  deemed  a  public  use. 


[From  the  proposed  constitution  of  Idaho.] 

Article  XV. 

WATER  RIGHTS. 

Section  1.  The  use  of  all  waters  now  appropriated,  or  that  may  hereafter  be  appropriated,  for  sale, 
rental,  or  distribution  ;  also  of  all  water  originally  appropriated  for  private  use,  but  which  after  such 
appropriations  has  heretofore  been,  or  may  hereafter  be,  sold,  rented,  or  distributed,  is  hereby  declared 
to  be  a  public  use,  and  subject  to  the  regulation  and  control  of  the  State  in  the  manner  prescribed  by 
law. 

Sec.  2.  The  right  to  collect  rates  or  compensation  for  the  use  of  water  supplied  to  any  county,  city, 
or  town,  or  water  district,  or  the  inhabitants  thereof,  is  a  franchise,  and  can  not  be  exercised  except 
by  authority  of  and  in  the  manner  prescribed  by  law. 

Sec.  3.  The  right  to  divert  and  appropriate  the  unappropriated  waters  of  any  natural  stream  to 
beneficial  uses  shall  never  be  denied.  Priority  of  appropriation  shall  give  the  better  right  as  between 
those  using  the  water;  but  when  the  waters  of  any  natural  stream  are  not  sufficient  for  the  service  of 
all  those  desiring  the  use  of  the  same,  those  using  the  water  for  domestic  purposes  shall  (subject  to 
such  limitations  as  may  be  prescribed  by  law)  have  the  preference  over  those  claiming  for  any  other 
purpose;  and  those  using  the  water  for  agricultural  purposes  shall  have  preference  over  those  using 
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the  same  for  manufacturing  purposes.  And  in  any  organized  mining  district  those  using  the  water 
for  mining  purposes  or  milling  purposes  connected  with  mining  shall  have  preference  over  those  using 
the  same  for  manufacturing  or  agricultural  purposes.  But  the  usage  by  such  subsequent  appropri- 
ators  shall  be  subject  to  such  provisions  of  law  regulating  the  taking  of  private  property  for  public 
and  private  use  as  referred  to  in  section  fourteen  of  Article  I  of  this  constitution. 

Sec.  4.  Whenever  any  waters  have  been,  or  shall  be,  appropriated  or  used  for  agricultural  pur¬ 
poses,  under  a  sale,  rental,  or  distribution  thereof,  such  sale,  rental,  or  distribution  shall  be  deemed 
an  exclusive  dedication  to  such  use;  and  whenever  such  waters  so  dedicated  shall  have  once  been 
sold,  rented,  or  distributed  to  any  person  who  has  settled  upon  or  improved  land  for  agricultural  pur¬ 
poses  with  the  view  of  receiving  the  benefit  of  such  water  under  such  dedication,  such  person,  his 
heirs,  executors,  administrators,  successors,  or  assigns,  shall  not  thereafter,  without  his  consent,  be 
deprived  of  the  annual  use  of  the  same  when  needed  for  domestic  purposes,  or  to  irrigate  the  land 
so  settled  upon  or  improved,  upon  payment  therefor,  and  compliance  with  such  equitable  terms  and 
conditions  as  to  the  quantity  used  and  times  of  use  as  may  be  prescribed  by  law. 

Sec.  5.  Whenever  more  than  one  person  has  settled  upon  or  improved  laud  with  the  view  of  receiv¬ 
ing  water  for  agricultural  purposes  under  a  sale,  rental,  or  distribution  thereof,  as  in  the  last  preced¬ 
ing  section  of  this  article  provided,  as  among  such  persons  priority  in  time  shall  give  superiority  of 
right  to  the  use  of  such  water  in  the  numerical  order  of  such  settlements  or  improvements;  but 
whenever  the  supply  of  such  water  shall  not  be  sufficient  to  meet  the  demands  of  all  those  desiring 
to  use  the  same,  such  priority  of  right  shall  be  subject  to  such  reasonable  limitations  as  to  the  quan. 
tity  of  water  used  and  times  of  use  as  the  legislature,  having  due  regard  both  to  such  priority  of  right 
and  the  necessities  of  those  subsequent  in  time  of  settlement  or  improvement,  may  by  law  prescribe. 

Sec.  6.  The  legislature  shall  provide  by  law  the  manner  in  which  reasonable  maximum  rates  may 
be  established  to  be  charged  for  the  use  of  water  sold,  rented,  or  distributed  for  any  useful  or  benefi¬ 
cial  purpose.. 

Chapter  XXXIV. 

An  act  to  provide  for  the  organization  and  government  of  irrigation  districts,  and  to  provide  for  the 

acquisition  of  water  and  other  property,  and  for  the  distribution  of  water  thereby  for  irrigation 

purposes.  [Approved  March  7,  1887.] 

The  people  of  the  State  of  California,  represented  in  senate  and  assembly,  do  enact  as  follows: 

Section  1.  Whenever  fifty  or  a  majority  of  freeholders  owning  lands  susceptible  of  one  mode  of 
irrigation  from  a  common  source,  and  by  the  same  system  of  works,  desire  to  p  rovide  for  the  irriga¬ 
tion  of  the  same,  they  may  propose  the  organization  of  an  irrigation  district  under  the  provisions  of 
this  act,  and  when  so  organized  such  district  shall  have  the  powers  conferred  or  that  may  hereafter 
be  conferred  by  law  upon  such  irrigation  districts. 

Sec.  2.  A  petition  shall  first  be  presented  to  the  board  of  supervisors  of  the  county  in  which  the 
lands  or  the  greatest  portion  thereof  is  situated,  signed  by  the  required  number  of  freeholders  of  such 
proposed  district,  which  petition  shall  set  forth  and  particularly  describe  the  proposed  boundaries  of 
such  district,  and  shall  pray  that  the  same  may  be  organized  under  the  provisions  of  this  act.  The 
petitioners  must  accompany  the  petition  with  a  good  and  sufficient  bond,  to  be  approved  by  the  said 
board  of  supervisors,  in  double  the  amount  of  the  probable  cost  of  organizing  such  district,  con¬ 
ditioned  that  the  bondsmen  will  pay  all  said  cost  in  case  said  organization  shall  not  be  effected.  Such 
petition  shall  be  presented  at  a  regular  meeting  of  the  said  board,  and  shall  be  published  for  at  least 
two  weeks  before  the  time  at  which  the  same  is  to  be  presented,  in  some  newspaper  printed  and  pub¬ 
lished  in  the  county  where  said  petition  is  presented,  together  with  a  notice  stating  the  time  of  the 
meeting  at  which  the  same  will  be  presented.  When  such  petition  is  presented,  the  said  board  of 
supervisors  shall  hear  the  same,  and  may  adjourn  such  hearing  from  time  to  time,  not  exceeding  four 
weeks  in  all ;  and  on  the  final  hearing  may  make  such  changes  in  the  proposed  boundaries  as  they 
may  find  to  be  proper,  and  shall  establish  and  define  such  boundaries  :  Provided,  That  said  board  shall 
not  modify  said  boundaries  so  as  to  except  from  the  operations  of  this  act  any  territory  within  the 
boundaries  of  the  district  proposed  by  said  petitioners,  which  is  susceptible  of  irrigation  by  the  same 
system  of  works  applicable  to  the  other  lands  in  such  proposed  district,  nor  shall  any  lands  which 
will  not,  in  the  judgment  of  the  said  board,  be  benefited  by  irrigation  by  said  system  be  included 
within  such  district :  Provided,  That  any  person  whose  lands  are  susceptible  of  irrigation  from  the 
same  source  shall,  upon  application  of  the  owner  to  said  board,  be  entitled  to  have  such  lands  included 
in  said  district.  Said  board  shall  also  make  an  order  dividing  said  district  into  five  divisions,  as  nearly 
equal  in  size  as  may  be  practicable,  which  shall  be  numbered  first,  second,  third,  fourth,  and  fifth, 
and  one  director  shall  be  elected  from  each  district.  Said  board  of  supervisors  shall  then  give  notice 
of  an  election  to  be  held  in  such  proposed  district,  for  the  purpose  of  determining  whether  or  not  the 
same  shall  be  organized  under  the  provisions  of  this  act.  Such  notice  shall  describe  boundaries  so 
established,  and  shall  designate  a  name  for  such  proposed  district,  and  said  notice  shall  be  published 
for  at  least  three  weeks  prior  to  such  election  in  a  newspaper  published  within  said  county;  and  if 
any  portion  of  such  proposed  district  lie  within  another  county  or  counties,  then  said  notice  shall  be  pub¬ 
lished  in  a  newspaper  published  within  each  of  said  counties.  Such  notice  shall  require  the  electors  to 
cast  ballots  which  shall  contain  the  words,  “Irrigation  district — yes,”  or  “Irrigation  district — no,” 
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or  words  equivalent  thereto,  and  also  the  names  of  persons  to  be  voted  for  to  fill  the  various  elective 
offices  hereinafter  prescribed.  No  person  shall  be  entitled  to  vote  at  any  election  held  under  the  pro¬ 
visions  of  this  act  unless  he  shall  possess  all  the  qualifications  required  of  electors  under  the  general 
election  laws  of  this  State. 

Sec.  3.  Such  election  shall  be  conducted  in  accordance  with  the  general  election  laws  of  the  State  : 
Provided ,  That  no  particular  form  of  ballot  shall  be  required.  The  said  board  of  supervisors  shall 
meet  on  the  second  Monday  next  succeeding  such  election,  and  proceed  to  canvass  the  votes  cast 
thereat ;  and  if  upon  such  canvass  it  appear  that  at  least  two-thirds  of  all  the  votes  cast  are  “Irriga¬ 
tion  district— yes,”  the  said  board  shall,  by  an  order  entered  on  their  minutes,  declare  such  territory 
duly  organized  as  an  irrigation  district,  under  the  name  and  style  theretofore  designated,  and  shall 
declare  the  persons  receiving,  respectively,  the  highest  number  of  votes  for  such  several  offices  to  be 
duly  elected  to  such  offices.  Said  board  shall  cause  a  copy  of  such  order,  duly  certified,  to  be  imme¬ 
diately  filed  for  record  in  the  office  of  the  county  recorder  of  each  county  in  which  any  portion  of  such 
lands  are  situated,  and  must  also  immediately  forward  a  copy  thereof  to  the  clerk  of  the  board  of  super¬ 
visors  of  each  of  the  counties  in  which  any  portion  of  the  district  may  lie  ;  and  no  board  of  supervisors 
of  any  county  including  any  portion  of  such  district  shall,  after  the  date  of  the  organization  of  such 
district,  allow  another  district  to  be  formed  including  any  of  the  lands  in  such  district  without  the 
consent  of  the  board  of  directors  thereof  ;  and  from  and  after  the  date  of  such  filing  the  organiza¬ 
tion  of  such  district  shall  be  complete,  and  the  officers  thereof  shall  be  enti  tied  to  enter  immediately 
upon  the  duties  of  their  respective  offices  upon  qualifying  in  accordance  with  law,  and  shall  hold  such 
offices,  respectively,  until  their  successors  are  elected  and  qualified.  For  the  purposes  of  the  election 
above  provided  for,  the  said  boai’d  of  supervisors  must  establish  a  convenient  number  of  election 
precincts  in  said  proposed  district,  and  define  the  boundaries  thereof,  which  said  precincts  may  there¬ 
after  be  changed  by  the  board  of  directors  of  such  district. 

Sec.  4.  An  election  shall  be  held  in  such  district  on  the  first  Wednesday  in  April,  eighteen  hundred 
and  eighty-eight,  and  on  the  first  Wednesday  in  April  in  each  second  year  thereafter,  at  which  an 
assessor,  a  collector,  and  a  treasurer  and  a  board  of  five  directors  for  the  district  shall  be  elected. 
The  person  receiving  the  highest  number  of  votes  for  any  office  to  be  filled  at  such  election  is  elected 
thereto.  Within  ten  days  after  receiving  their  certificates  of  election,  hereinafter  provided  for,  said 
officers  shall  take  and  subscribe  the  official  oath  and  file  the  same  in  the  office  of  the  board  of  direct¬ 
ors.  The  assessor  shall  execute  an  official  bond  in  the  sum  of  ten  thousand  dollars,  and  the  collector 
an  official  bond  in  the  sum  of  twenty  thousand  dollars,  and  the  district  treasurer  an  official  bond  in 
the  sum  of  fifty  thousand  dollars,  each  of  said  bonds  to  be  approved  by  the  board  of  directors  ;  and 
each  member  of  said  board  of  directors  shall  execute  an  official  bond  in  the  sum  of  twenty-five  thou¬ 
sand  dollars,  which  said  bonds  shall  be  approved  by  the  judge  of  the  superior  court  of  said  county 
where  such  organization  was  effected,  and  shall  be  recorded  in  the  office  of  the  county  recorder 
thereof  and  filed  with  the  secretary  of  said  board.  All  official  bonds  herein  provided  for  shall  be  in 
the  form  pi'escribed  by  law  for  the  official  bonds  of  county  officers. 

Sec.  5.  Fifteen  days  before  any  election  held  under  this  act,  subsequent  to  the  organization  of  any 
district,  the  secretary  of  the  board  of  directors  shall  cause  notices  to  be  posted  in  three  public  places 
in  each  election  precinct,  of  the  time  and  place  of  holding  the  election,  and  shall  also  post  a  general 
notice  of  the  same  in  the  office  of  said  board,  which  shall  be  established  and  kept  at  some  fixed  place 
to  be  determined  by  said  board,  specifying  the  polling  places  of  each  precinct.  Prior  to  the  time  for 
posting  the  notices  the  board  must  appoint  for  each  precinct,  from  the  electors  thereof,  one  inspector 
and  two  judges,  who  shall  constitute  a  board  of  election  for  such  precinct.  If  the  board  fail  to 
appoint  a  board  of  election,  or  the  members  appointed  do  not  attend  at  the  opening  of  the  polls  on 
the  morning  of  election,  the  electors  of  the  precinct  present  at  that  hour  may  appoint  the  board  or 
supply  the  place  of  an  absent  member  thereof.  The  board  of  directors  must,  in  its  order  appointing 
the  board  of  election,  designate  the  house  or  place  within  the  precinct  where  the  election  must  be 
held. 

Sec.  6.  The  inspector  is  chairman  of  the  election  board,  and  may— 

First.  Administer  all  oaths  required  in  the  progress  of  an  election. 

Second.  Appoint  judges  and  clerks  if,  during  the  progress  of  the  election,  any  judge  or  clerk  cease 
to  act.  Any  member  of  the  board  of  election,  or  any  clerk  thereof,  may  administer  and  certify  oaths 
required  to  be  administered  during  the  progress  of  an  election.  The  board  of  election  for  each  pre¬ 
cinct  must, before  opening  the  polls,  appoint  two  persons  to  act  as  clerks  of  the  election.  Before 
opening  the  polls,  each  member  of  the  board  and  each  clerk  must  take  and  subscribe  an  oath  to 
faithfully  perform  the  duties  imposed  upon  them  by  law.  Any  elector  of  the  precinct  may  administer 
and  certify  such  oath.  The  polls  must  be  opened  oue  hour  after  sunrise  on  the  morning  of  the  elec¬ 
tion,  and  be  kept  open  until  sunset,  when  the  same  must  be  closed.  The  provisions  of  the  political 
code  concerning  the  form  of  ballots  to  be  used  shall  not  apply  to  elections  held  under  this  act. 

Sec.  7.  Voting  may  commence  as  soon  as  the  polls  are  opened,  and  may  be  continued  during  all  the 
time  the  polls  remain  opened,  and  shall  be  conducted  as  nearly  as  practicable  in  accordance  with  the 
provisions  of  chapter  nine  of  title  two  of  part  three  of  the  political  code  of  this  State.  As  soon  as 
the  polls  are  closed  the  judges  shall  open  the  ballot-box  and  commence  counting  the  v.otes ;  and  in 
no  case  shall  the  ballot-box  be  removed  from  the  room  in  which  the  election  is  held  until  all  the  ballots 
have  been  counted.  The  counting  of  ballots  shall  in  all  cases  be  public.  The  ballots  shall  be  taken 
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out,  one  by  one,  by  the  inspector  or  one  of  the  judges,  who  shall  open  them  and  read  aloud  the  names 
of  each  person  contained  therein,  and  the  office  for  which  every  such  person  is  voted  for.  Each  clerk 
shall  write  down  each  office  to  be  filled,  and  the  name  of  each  person  voted  for  for  such  office,  and 
shall  keep  the  number  of  votes  by  tallies  as  they  are  read  aloud  by  the  inspector  or  judge.  The 
counting  of  votes  shall  be  continued  without  adjournment  until  all  have  been  counted. 

Sec.  8.  As  soon  as  all  the  votes  are  read  off  and  counted,  a  certificate  shall  be  drawn  up  on  each  of 
the  papers  containing  the  poll  list  and  tallies,  or  attached  thereto,  stating  the  number  of  votes  each 
one  voted  for  has  received,  aud  designating  the  office  to  fill  which  he  was  voted  for,  which  number 
shall  be  written  in  figures  and  in  words  at  full  length.  Each  certificate  shall  be  signed  by  the  clerk, 
judge,  and  the  inspector.  One  of  said  certificates,  with  the  poll  list  and  the  tally  paper  to  which  it 
is  attached,  shall  be  retained  by  the  inspector  and  preserved  by  him  at  least  six  months.  The  bal¬ 
lots  shall  be  strung  upon  a  cord  or  thread  by  the  inspector,  during  the  counting  thereof,  in  the  order 
in  which  they  are  entered  upon  the  tally  list  by  the  clerks;  and  said  ballots,  together  with  the  other 
of  said  certificates,  with  the  poll  list  and  tally  paper  to  which  it  is  attached,  shall  be  sealed  by  the 
inspector  in  the  presence  of  the  judges  and  clerks,  and  indorsed  “Election  returns  of  (naming  the 
precinct)  Precinct,”  and  be  directed  to  the  secretary  of  the  board  of  directors,  aud  shall  be  immedi¬ 
ately  delivered  by  the  inspector,  or  by  some  other  safe  aud  responsible  carrier  designated  by  said 
inspector,  to  said  secretary,  and  the  ballots  shall  be  kept  unopened  for  at  least  six  months,  and  if  any 
person  be  of  the  opinion  that  the  vote  of  any  precinct  has  not  been  correctly  counted,  he  may  appear 
on  the  day  appointed  for  the  board  of  directors  to  open  aud  canvass  the  returns,  and  demand  a 
recount  of  the  vote  of  the  precinct  that  is  so  claimed  to  have  been  incorrectly  counted. 

Sec.  0.  No  list,  tally  paper,  or  certificate  returned  from  any  election  shall  be  set  aside  or  rejected 
for  want  of  form,  if  it  can  be  satisfactorily  understood.  The  board  of  directors  must  meet  at  its 
usual  place  of  meeting  on  the  first  Monday  after  each  election  to  canvass  the  returns.  If,  at  the  time 
of  meeting,  the  returns  from  each  precinct  in  the  district  in  which  the  polls  were  open  have  been 
received,  the  board  of  directors  must  then  and  there  proceed  to  canvass  the  returns,  but  if  all  the 
returns  have  not  been  received  the  canvass  must  be  postponed  from  day  to  day  until  all  the  returns 
have  been  received  or  until  six  postponements  have  been  had.  The  canvass  must  be  made  in  public 
and  by  opening  the  returns  and  estimating  the  vote  of  the  district,  for  each  person  voted  for,  and 
declaring  the  result  thereof. 

Sec.  10.  The  secretary  of  the  board  of  directors  must,  as  soon  as  the  result  is  declared,  enter  in  the 
records  of  such  board  a  statement  of  such  result,  which  statement  must  show — 

First — The  whole  number  of  votes  cast  in  the  district. 

Second— The  names  of  the  persons  voted  for. 

Third— The  office  to  fill  which  each  person  was  voted  for. 

Fourth — The  number  of  votes  given  in  each  precinct  to  each  of  such  persons. 

Fifth — The  number  of  votes  given  in  the  district  to  each  of  such  persons. 

The  board  of  directors  must  declare  elected  the  person  having  the  highest  [number  of  votes  given 
for  each  office  to  be  filled  by  the  voters  of  the  district.  The  secretary  must  immediately  make  out  and 
deliver  to  such  person  a  certificate  of  election  signed  by  him  and  authenticated  with  the  seal  of  the 
board.  In  case  of  a  vacancy  in  the  office  of  assessor,  tax  collector,  or  treasurer,  the  vacancy  shall  be 
filled  by  appointment  by  the  board  of  directors.  In  case  of  a  vacancy  in  the  office  of  member  of  the 
board  of  directors,  the  vacancy  shall  be  filled  Ry  appointment  by  the  board  of  supervisors  of  the 
county  where  the  office  of  such  board  is  situated.  An  officer  appointed  as  above  provided  shall  hold 
his  office  until  the  next  regular  election  of  said  district,  and  until  his  successor  is  elected  and  qualified. 

Sec.  11.  On  the  first  Wednesday  in  May  next  fol.owing  their  election  the  board  of  directors  shall 
meet  and  organize  as  a  board,  elect  a  president  from  their  number,  and  appoint  a  secretary.  The 
board  shall  have  the  power,  and  it  shall  be  their  duty,  to  mana  e  and  conduct  the  business  and  affairs 
of  the  district,  make  and  execute  all  necessary  contracts,  employ  and  appoint  such  agents,  officers, 
and  employes  as  may  be  required,  and  prescribe  their  duties,  establish  equitable  by-laws,  rules,  and 
regulations  for  the  distribution  and  use  of  water  among  the  owners  of  said  lands,  and  generally  to 
perform  all  such  acts  as  shall  be  necessary  to  fully  carry  out  the  purposes  of  this  act.  The  said 
by-laws,  rules,  and  regulations  must  be  printed  in  convenient  form  for  distribution  in  the  district. 
And  it  is  hereby  expressly  provided  that  all  waters  distributed  for  irrigation  purposes  shall  be  appor¬ 
tioned  ratably  to  each  landowner  upon  the  basis  of  the  ratio  which  the  last  assessment  of  such 
owner  for  district  purposes  within  said  district  bears  to  the  whole  sum  assessed  upon  the  district: 
Provided ,  That  any  landowner  may  assign  the  right  to  the  whole  or  any  po:  tion  of  the  waters  so 
apportioned  to  him. 

Sec.  12.  The  board  of  directors  shall  hold  a  regular  monthly  meeting,  in  their  office,  on  the  first 
Tuesday  in  every  month,  and  such  special  meetings  as  may  be  required  for  the  proper  transaction  of 
business:  Provided ,  That  all  special  meetings  must  be  ordered  by  a  majority  of  the  board;  the  order 
must  be  entered  of  record,  and  five  days'  notice  thereof  must,  by  the  secretary,  be  given  to  each 
member  not  joining  in  the  order.  The  order  must  specify  the  business  to  be  transacted,  and  none 
other  than  that  specified  must  be  transacted  at  such  special  meeting.  All  meetings  of  the  board 
must  be  public,  and  three  members  shall  constitute  a  quorum  for  the  transaction  of  business,  but  on 
all  questions  requiring  a  vote  there  shall  be  a  concurrence  of  at  least  three  members  of  said  board. 
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All  records  of  the  board  shall  be  open  to  the  inspection  of  any  elector  during  business  hours.  The 
board,  and  its  agents  and  employes,  shall  have  the  right  to  enter  upon  any  land  in  the  district  to 
make  surveys,  and  may  locate  ti  e  line  for  any  canal  or  canals,  and  the  necessary  branches  for  the 
same,  on  any  of  said  lands  which  may  be  deemed  best  for  such  location.  Said  board  shall  also  have 
the  right  to  acquire,  either  by  purchase  or  condemnation,  all  lands  and  waters  and  other  property 
necessary  for  the  construction,  use,  supply,  maintenance,  repair,  and  improvement  of  said  canal  or 
canals  and  works,  including  canals  and  works  constructed  and  being  constructed  by  private  owners, 
lands  for  reservoirs,  for  the  storage  of  needful  waters,  and  all  necessary  appurtenances.  In  case  of 
purchase,  the  bonds  of  the  district,  hereinafter  provided  for,  may  be  used  at  their  par  value  in  pay¬ 
ment;  and  incase  of  condemnation  the  board  shall  proceed,  in  the  name  of  the  district,  under  the 
provisions  of  title  seven  of  part  three  of  the  code  of  civil  procedure.  Said  board  may  also  con¬ 
struct  the  necessary  dams,  reservoirs,  and  works  for  the  collection  of  water  for  said  district,  and  do 
any  and  every  lawful  act  necessary  to  be  done,  that  sufficient  water  may  be  furnished  to  each  land- 
owner  in  said  district  for  irrigation  purposes.  The  use  of  all  water  required  for  the  irrigation  of  the 
lands  of  any  district  formed  under  the  provisions  of  this  act,  together  w  th  the  rights  of  way  for 
canals  and  ditches,  sites  for  reservoirs,  and  all  other  property  required  in  fully  carrying  out  the  pro¬ 
visions  of  this  act,  is  hereby  declared  to  be  a  public  use,  subject  to  the  regulation  and  control  of  the 
State,  in  the  manner  prescribed  by  law. 

Sec.  13.  The  legal  title  to  all  property  acquired  under  the  provisions  of  this  act  shall  immediately 
and  by  operation  of  law  vest  in  such  irrigation  district,  and  shall  be  held  by  such  district  in  trust  for 
aud  is  hereby  dedicated  and  set  apart  to  the  uses  and  purposes  set  forth  in  this  act.  And  said  board 
is  hereby  authorized  and  empowered  to  hold,  use,  acquire,  manage,  occupy,  and  possess  said  property 
aslierein  provided. 

Sec.  14.  The  said  board  is  hereby  authorized  and  empowered  to  take  conveyances  or  other  assur¬ 
ances  for  all  property  acquired  by  it  under  the  provisions  of  this  act,  in  the  name  of  such  irrigation 
district,  to  and  for  the  uses  and  purposes  herein  expressed,  and  to  institute  and  maintain  any  and  all 
actions  and  proceedings,  suits  at  law  or  in  equity,  necessary  or  proper  in  order  to  fully  carry  out  the 
provisions  of  this  act,  or  to  enforce,  maintain,  protect,  or  preserve  any  and  all  rights,  privileges,  and 
immunities  created  by  this  act  or  acquired  in  pursuance  thereof.  And  in  all  courts,  actions,  suits,  or 
proceedings,  the  said  board  may  sue,  appear,  and  defend,  in  person  or  by  attorneys,  and  in  the  name 
of  such  irrigation  district. 

Sec.  15.  For  the  purpose  of  constructing  necessary  irrigating  canals  and  works  and  acquiring  the  nec¬ 
essary  property  and  rights  therefor,  and  otherwise  carrying  out  the  provisions  of  this  act,  the  board 
of  directors  of  any  such  district  must,  as  soon  after  such  district  has  been  organized  as  may  be  practi¬ 
cable,  estimate  and  determine  the  amount  of  money  necessary  to  be  raised,  and  shall  immediately 
thereupon  call  a  special  election,  at  which  shall  be  submitted  to  the  electors  of  such  district  possessing 
the  qualifications  prescribed  by  this  act,  the  question  whether  or  not  the  bonds  of  said  district  shall  be 
issued  in  the  amount  so  determined.  Notice  of  such  election  must  be  given  by  posting  notices  in 
three  public  places  in  each  election  precinct  in  said  district  for  at  least  twenty  days,  and  also  by  pub¬ 
lication  of  such  notice  in  some  newspaper  published  in  the  county,  where  the  office  of  the  board  of 
directors  of  such  district  is  required  to  be  kept,  once  a  week  for  at  least  three  successive  weeks. 
Such  notices  must  specify  the  time  of  holding  the  election,  the  amount  of  bonds  proposed  to  be  issued, 
and  said  election  must  be  held  and  the  result  thereof  determined  and  declared,  in  all  respects  as 
nearly  as  practicable,  in  conformity  with  the  provisions  of  this  act  governing  the  election  of  officers : 
Provided,  That  no  informalities  in  conducting  such  an  election  shall  invalidate  the  same,  if  the  election 
shall  have  been  otherwise  fairly  conducted.  At  such  election  the  ballots  shall  contain  the  words, 
“Bonds — Yes,”  or  “Bonds — No,”  or  words  equivalent  thereto.  If  a  majority  of  the  votes  cast  are 
“  Bonds— Yes,”  the  board  of  directors  shall  immediately  cause  bonds  in  said  amount  to  be  issued;  said 
bonds  shall  be  payable  in  gold  coin  of  the  United  States,  in  installments  as  follows,  to  wit:  At  the  expi¬ 
ration  of  eleven  years  not  less  than  five  percent,  of  said  bonds;  at  the  expiration  of  twelve  years  not 
less  than  six  per  cent. ;  at  the  expiration  of  thirteen  years  not  less  than  seven  per  cent. ;  at  the  expira¬ 
tion  of  fourteen  years  not  less  than  eight  per  cent. ;  at  the  expiration  of  fifteen  years  not  less  than  nine 
per  cent. ;  at  the  expiration  of  sixteen  years  not  less  than  ten  per  cent. ;  at  the  expiration  of  seventeen 
years  not  less  than  eleven  per  cent. ;  at  the  expiration  of  eighteen  years  not  less  than  thirteen  per  cent. ; 
at  the  expiration  of  nineteen  years  not  less  than  fifteen  per  cent. ;  and  for  the  twentieth  year  a  per¬ 
centage  sufficient  to  pay  off  said  bonds;  and  shall  bear  interest  at  the  rate  of  six  per  cent,  per  annum, 
payable  semiannually  on  the  first  day  of  January  and  July  of  each  year.  The  principal  and  interest 
shall  be  payable  at  the  office  of  the  treasurer  of  the  district.  Said  bonds  shall  be  each  of  the  denom¬ 
ination  of  not  less  than  one  hundred  dollars,  nor  more  than  five  hundred  dollars,  shall  be  negotiable  in 
form,  signed  by  the  president  and  secretary,  and  the  seal  of  the  board  of  directors  shall  be  affixed 
thereto.  They  shall  be  numbered  consecutively  as  issued,  and  bear  date  at  the  time  of  their  issue. 
Coupons  for  the  interest  shall  be  attached  to  each  bond  signed  by  the  secretary.  Said  bonds  shall 
express  on  their  face  that  they  were  issued  by  authority  of  this  act,  stating  its  title  and  date  of  approval. 
The  secretary  shall  keep  a  record  of  the  bonds  sold,  their  number,  the  date  of  sale,  the  price  received, 
and  the  name  of  the  purchaser. 

Sec.  16.  The  board  may  sell  said  bonds  from  time  to  time  in  such  quantities  as  may  be  necessary 
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and  most  advantageous,  to  raise  money  for  the  construction  of  said  canals  and  works,  the  acquisition 
of  said  property  and  rights,  and  otherwise  to  fully  carry  out  the  objects  and  purposes  of  this  act. 
Before  making  any  sale  the  board  shall,  at  a  meeting,  by  resolution,  declare  its  int  ntion  to  sell  a  speci¬ 
fied  amount  of  the  bonds,  and  the  day  and  hour  and  place  of  such  sale,  and  shall  cause  such  resolution 
to  be  entered  in  the  minutes,  and  notice  of  the  sale  to  be  given,  by  publication  thereof  at  least  twenty 
days,  in  a  daily  newspaper  published  in  each  of  the  cities  of  San  Francisco,  Sacramento,  and  Los 
Angeles,  and  in  any  other  newspaper,  at  their  discretion.  The  notice  shall  state  that  sealed  proposals 
will  be  received  by  the  board,  at  their  office,  for  the  purchase  of  the  bonds,  till  the  day  and  hour 
named  in  the  resolution.  At  the  time  appointed  the  board  shall  open  the  proposals,  and  award  the 
purchase  of  the  bonds  to  the  highest  responsible  bidder,  and  may  reject  all  bids;  but  said  board  shall 
in  no  event  sell  any  of  the  said  bonds  for  less  than  ninety  per  cent,  of  the  face  value  thereof. 

Sec.  17.  Said  bonds,  and  the  interest  thereon,  shall  be  paid  by  revenue  derived  from  an  annual 
assessment  upon  the  real  property  of  the  district;  and  all  the  real  property  in  the  district  shall  be 
and  remain  liable  to  be  assessed  for  such  payments  as  hereinafter  provided. 

Sec.  f8.  The  assessor  must,  between  the  first  Monday  in  March  and  the  first  Monday  in  June,  in 
each  year,  assess  all  real  property  in  the  district,  to  the  persons  who  own,  claim,  have  the  possession 
or  control  thereof,  at  its  full  cash  value.  He  must  prepare  an  assessment  book,  with  appropriate 
headings,  in  which  must  be  listed  all  such  property  within  the  district,  in  which  must  be  specified,  in 
separate  columns,  under  the  appropriate  head — 

first — The  name  of  the  person  to  whom  the  property  is  assessed.  If  the  name  is  not  known  to  the 
assessor,  the  property  shall  be  assessed  to  “  Unknown  owners.” 

Second— Land  by  township,  range,  section,  or  fractional  section,  and,  when  such  land  is  not  a  con¬ 
gressional  division  or  subdivision,  by  metes  and  bounds,  or  other  description  sufficient  to  identify  it, 
giving  an  estimate  of  the  number  of  acres,  locality,  and  the  improvements  thereon. 

Third— City  and  town  lots,  naming  the  city  or  town,  and  the  number  and  block  according  to  the 
system  of  numbering  in  such  city  or  town,  and  the  improvements  thereon. 

Fourth— The  cash  value  of  real  estate,  other  than  city  or  town  lots. 

Fifth — The  cash  value  of  improvements  on  such  real  estate. 

Sixth — The  cash  value  of  city  and  town  lots. 

Seventh— The  cash  value  of  improvements  on  city  and  town  lots. 

Eighth — The  cash  value  of  improvements  on  real  estate  assessed  to  persons  other  than  the  owners 
of  the  real  estate. 

Ninth— The  total  value  of  all  property  assessed. 

Tenth — The  total  value  of  all  property  after  equalization  by  the  board  of  directors. 

Eleventh— Such  other  things  as  the  board  of  directors  may  require. 

Sec.  19.  The  board  of  directors  must  allow  the  assessor  as  many  deputies,  to  be  appointed  by  him, 
as  will,  in  the  judgment  of  the  board,  enable  him  to  complete  the  assessment  within  the  time  herein 
prescribed.  The  board  must  fix  the  compensation  of  such  deputies,  which  shall  be  paid  out  of  the 
treasury  of  the  district.  The  compensation  must  not  exceed  five  dollars  per  day  for  each  deputy,  for 
the  time  actually  engaged,  nor  must  any  allowance  be  made  but  for  work  done  between  the  first  Mon¬ 
day  in  March  and  the  first  Monday  in  August  in  each  year. 

Sec.  20.  On  or  before  the  first  Monday  in  August  in  each  year  the  assessor  must  complete  his  assess¬ 
ment  book,  and  deliver  it  to  the  secretary  of  the  board,  who  must  immediately  give  notice  thereof, 
and  of  the  time  the  board  of  directors,  acting  as  a  board  of  equalization,  will  meet  to  equalize  assess¬ 
ments,  by  publication  in  a  newspaper  published  in  each  of  the  counties  comprising  the  district.  The 
time  fixed  for  the  meeting  shall  not  be  less  than  twenty  nor  more  than  thirty  days  from  the  first  pub¬ 
lication  of  the  notice;  and  in  the  meantime  the  assessment  book  must  remain  in  the  office  of  the  sec¬ 
retary  for  the  inspection  of  all  persons  interested. 

Sec.  21.  Upon  the  day  specified  in  the  notice  required  by  the  preceding  section  for  the  meeting,  the 
board  of  directors,  which  is  hereby  constituted  a  board  of  equalization  for  that  purpose,  shall  meet 
and  continue  in  session  from  day  to  day,  as  long  as  may  be  necessary,  not  to  exceed  ten  days,  exclusive 
of  Sundays,  to  hear  and  determine  such  objections  to  the  valuation  and  assessment  as  may  come 
before  them;  and  the  board  may  change  the  valuation  as  may  be  just.  The  secretary  of  the  board 
shall  be  present  during  its  sessions,  and  note  all  changes  made  in  the  valuation  qf  property,  and  in  the 
names  of  the  persons  whose  property  is  assessed;  and  within  ten  days  after  the  close  of  the  session  he 
shall  have  the  total  values,  as  finally  equalized  by  the  board,  extended  into  columns  and  added. 

Sec.  22.  The  board  of  directors  shall  then  levy  an  assessment  sufficient  to  raise  the  annual  interest 
on  the  outstanding  bonds;  and,  at  the  expiration  of  ten  years  after  the  issuing  of  bonds  by  the  board, 
must  increase  said  assessment,  for  the  ensuing  ten  years,  in  the  following  percentage  of  the  principal 
of  the  whole  amount  of  bonds  then  outstanding,  to  wit :  For  the  eleventh  year,  five  per  cent. ;  for  the 
twelfth  year,  six  per  cent. ;  for  the  thirteenth  year  seven  per  cent. ;  for  the  fourteenth  year,  eight  per 
cent. ;  for  the  fifteenth  year,  nine  per  cent. ;  for  the  sixteenth  year,  ten  per  cent. ;  for  the  seventeenth 
year,  eleven  per  cent. ;  for  the  eighteenth  year,  thirteen  per  cent. ;  for  the  nineteenth  year,  fifteen  per 
cent. ;  and  for  the  twentieth  year, a  percentage  sufficient  to  pay  off  said  bonds.  The  secretary  of  the 
board  must  compute  and  enter  in  a  separate  column  of  the  assessment  book  the  respective  sums  in 
dollars  and  cents  to  be  paid  as  an  assessment  on  the  property  therein  enumerated.  When  collected 
the  assessment  shall  be  paid  into  the  district  treasury,  and  shall  constitute  a  special  fund,  to  be  called 
the  “  Bond  Fund  of  (naming  the  district)  Irrigation  Dis  riot.” 
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Sec.  23.  The  assessment  upon  real  property  is  a  lien  against  the  property  assessed,  from  and  after 
the  first  Monday  in  March  for  any  year;  and  such  lien  is  not  removed  until  the  assessments  are  paid 
or  the  property  sold  for  the  payment  thereof. 

Sec.  24.  On  or  before  the  first  day  of  November,  the  secretary  must  deliver  the  assessment  book  to 
the  collector  of  the  district,  who  shall,  within  twenty  days,  publish  a  notice  in  a  newspaper  published 
in  each  of  the  counties  comprising  the  district,  if  there  be  lands  situated  in  more  than  one  county  in 
such  district,  that  said  assessments  are  due  and  payable  and  will  become  delinquent  at  six  o’clock  p.  m. 
on  the  last  Monday  of  December  next  thereafter;  and  that  unless  paid  prior  thereto,  five  per  cent,  will 
be  added  to  the  amount  thereof,  and  also  the  time  and  place  at  which  payment  of  assessments  may  be 
made.  The  notice  shall  also  specify  a  time  and  place  within  each  election  precinct  of  the  district,  when 
and  where  the  collector  will  attend  to  receive  payment  of  assessments,  and  shall  be  published  for 
fifteen  days,  and  a  printed  copy  of  said  notice  shall  be  posted  for  the  same  time  in  some  public  place 
in  each  precinct.  The  collector  must  attend  at  the  time  and  place  specified  in  the  notice,  to  receive 
assesments,  which  must  be  paid  in  gold  and  silver  coin;  he  must  mark  the  date  of  payment  of  any 
assesssment  in  the  assessment  book  opposite  the  name  of  the  person  paying,  and  give  a  receipt  to  such 
person,  specifying  the  amount  of  the  assessment  and  the  amount  paid,  with  a  description  of  the 
property  assessed.  On  the  thirty-first  day  of  December  of  each  year,  all  unpaid  assessments  are 
delinquent,  and  thereafter  the  collector  must  collect  thereon,  for  the  use  of  the  district,  an  addition 
of  five  per  cent. 

Sec.  25.  On  or  before  the  first  day  of  February,  the  collector  must  publish  the  delinquent  list, 
which  must  contain  the  names  of  the  persons  and  a  description  of  the  property  delinquent,  and  the 
amount  of  the  assessments  and  costs  due  opposite  each  name  and  description.  He  must  append  to 
and  publish  with  the  delinquent  list  a  notice,  that  unless  the  assessments  delinquent,  together  with 
costs  and  percentage,  are  paid,  the  real  property  upon  which  such  assessments  are  a  lien  will  be  sold 
at  public  auction.'  The  publication  must  be  made  once  a  week  for  three  successive  weeks,  in  a  news¬ 
paper  published  in  each  of  the  counties  comprised  in  the  district.  The  publication  must  designate 
the  time  and  place  of  sale.  The  time  of  sale  must  not  be  less  than  twenty-one  nor  more  than  twenty- 
eight  days  from  the  first  publication,  and  the  place  must  be  at  some  point  designated  by  the  collector. 

Sec.  26.  The  collector  must  collect,  in  addition  to  the  assessments  due  on  the  delinquent  list  and  five 
per  cent,  added,  fifty  cents  on  each  lot,  piece,  or  tract  of  land  separately  assessed,  one  half  of  which 
must  go  to  the  district  and  the  other  to  the  collector  for  preparing  the  list.  On  the  day  fixed  for  the 
sale,  or  some  subsequent  day  to  which  he  may  have  postponed  it,  of  which  he  must  give  notice,  the 
collector,  between  the  hours  of  ten  o’clock  a.  m.  and  three  o’clock  p.  m.,  must  commence  the  sale  of 
the  property  advertised,  commencing  at  the  head  of  the  list  and  continuing  alphabetically,  or  in 
the  numerical  order  of  the  lots  or  blocks,  until  completed.  He  may  postpone  the  day  of  commenc¬ 
ing  the  sales,  or  the  sale,  from  day  to  day,  but  the  sale  must  be  completed  within  three  weeks  from  the 
day  first  fixed. 

Sec.  27.  The  owner  or  person  in  possession  of  any  real  estate  offered  for  sale  for  assessments  due 
thereon  may  designate  in  writing  to  the  collector,  prior  to  the  sale,  what  portion  of  the  property  he 
wishes  sold,  if  less  than  the  whole;  but  if  the  owner  or  possessor  does  not,  then  the  collector  may 
designate  it,  and  the  person  who  will  take  the  least  quantity  of  the  land,  or  in  case  an  undivided 
interest  is  assessed,  then  the  smallest  portion  of  the  interest,  and  pay  the  assessments  and  costs  due, 
including  two  dollars  to  the  collector  for  the  duplicate  certificate  of  sale,  is  the  purchaser.  If  the 
purchaser  does  not  pay  the  assessments  and  costs  before  ten  o’clock  a.  m.  the  following  day,  the 
property,  on  next  sale  day,  before  the  regular  sale,  must  be  resold  for  the  assessments  and  costs. 
After  receiving  the  amount  of  assessments  and  costs,  the  collector  must  make  out  in  duplicate  a  cer¬ 
tificate,  dated  on  the  day  of  sale,  stating  (when  known)  the  name  of  the  person  assessed,  a  description 
of  the  land  sold,  the  amount  paid  therefor,  that  it  was  sold  for  assessments,  giving  the  amount  and 
the  year  of  the  assessment,  and  specifying  the  time  when  the  purchaser  will  be  entitled  to  a  deed. 
The  certificate  must  be  signed  by  the  collector,  and  one  copy  delivered  to  the  purchaser,  and  the 
other  filed  in  the  office  of  the  county  recorder  of  the  county  in  which  the  land  sold  is  situated. 

Sec.  28.  The  collector,  before  delivering  any  certificate,  must  in  a  book  enter  a  description  of  the 
land  sold,  corresponding  with  the  description  in  the  certificate,  the  date  of  the  sale,  purchasers’  names, 
and  the  amount  paid,  regularly  number  the  description  on  the  margin  of  the  book  and  put  a  corre¬ 
sponding  number  on  each  certificate.  Such  book  must  be  open  to  public  inspection,  without  fee, 
during  office  hours,  when  not  in  actual  use.  On  filing  the  certificate  with  such  county  recorder  the 
lien  of  the  assessments  vests  in  the  purchaser,  and  is  only  divested  by  the  payment  to  him,  or  to  the 
collector  for  his  use,  of  the  purchase  money  and  two  per  cent,  per  month  from  the  day  of  sale  until 
redemption. 

Sec.  29.  A  redemption  of  the  property  sold  may  be  made  by  the  owner,  or  any  party  in  interest, 
within  twelve  months  from  the  date  of  purchase.  Redemption  must  be  made  in  gold  or  silver  coin, 
as  provided  for  the  collection  of  State  and  county  taxes,  and  when  made  to  the  collector  he  must  credit 
the  amount  paid  to  the  person  named  in  the  certificate,  and  pay  it,  on  demand,  to  the  person  or  his 
assignees.  In  each  report  the  collector  makes  to  the  board  of  directors,  he  must  name  the  person 
entitled  to  redemption  money,  and  the  amount  due  to  each.  On  receiving  the  certificate  of  sale  the 
county  recorder  must  file  it  and  make  an  entry  in  a  book  similar  to  that  required  of  the  collector. 
On  the  presentation  of  the  receipt  of  the  person  named  in  the  certificate,  or  of  the  collector,  for  his 
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use,  of  the  total  amount  of  the  redemption  money,  the  recorder  must  mark  the  word  “Redeemed,” 
the  date,  and  by  whom  redeemed,  on  the  certificate  and  on  the  margin  of  the  book  where  the  entry 
of  the  certificate  is  made.  If  the  property  is  not  redeemed  within  twelve  months  from  the  sale,  the 
collector,  or  his  successor  in  office,  must  make  to  the  purchaser,  or  his  assignee,  a  deed  of  the  prop¬ 
erty,  reciting  in  the  deed  substantially  the  matters  contained  in  the  certificate,  and  that  no  person 
redeemed  the  property  during  the  time  allowed  by  law  for  its  redemption.  The  collector  shall 
receive  from  the  purchaser,  for  the  use  of  the  district,  two  dollars  for  making  such  deed. 

Sec.  30.  The  matter  recited  in  the  certificate  of  sale  must  be  recited  in  the  deed,  and  such  deed 
duly  acknowledged  or  proved  is  prima  facie  evidence  that — 

First.  The  property  was  assessed  as  required  by  law. 

Second.  The  property  was  equalized  as  required  by  law. 

Third.  That  the  assessment  were  levied  in  accordance  with  law. 

Fourth.  The  assessments  were  not  paid. 

Fifth.  At  a  proper  time  and  place  the  property  was  sold  as  prescribed  by  law,  and  by  the  proper 
officer. 

Sixth.  The  property  was  not  redeemed. 

Seven  th.  The  person  who  executed  the  deed  was  the  proper  officer. 

Such  deed,  duly  acknowledged  or  proved,  is  (except  as  against  actual  fraud)  conclusive  evidence  of 
the  regularity  of  all  the  proceedings  from  the  assessment  by  the  assessor,  inclusive,  up  to  the  execu¬ 
tion  of  the  deed.  The  deed  conveys  to  the  grantee  the  absolute  title  to  the  lands  described  therein 
free  of  all  incumbrance,  except  when  the  land  is  owned  by  the  United  St  ites  or  this  State,  in  which 
case  it  is  prima  facie  evidence  of  the  right  of  possession. 

Sec.  31.  The  assessment  book  or  delinquent  list,  or  a  copy  thereof,  certified  by  the  collector,  show¬ 
ing  unpaid  assessments  against  any  person  or  property,  is  prima  facie  evidence  of  the  assessment,  the 
property  assessed,  the  delinquency,  the  amount  of  assessments  due  and  unpaid,  and  that  all  the  forms 
of  the  law  in  relation  to  the  assessment  and  levy  of  such  assessments  have  been  complied  with. 

Sec.  32.  When  land  is  sold  for  assessments  correctly  imposed,  as  ,the  property  of  a  particular  per¬ 
son,  no  misnomer  of  the  owner  or  supposed  owner,  or  other  mistake  relating  to  the  ownership  thereof, 
affects  the  sale  or  renders  it  void  or  voidable. 

Sec.  33.  On  the  first  Monday  in  each  month  the  collector  must  settle  with  the  secretary  of  the  board 
for  all  moneys  collected  for  assessments,  and  pay  the  same  over  to  the  treasurer;  and  within  six  days 
thereafter  he  must  deliver  to  and  file  in  the  office  of  the  secretary  a  statement  under  oath,  showing: 

First.  An  account  of  all  his  transactions  and  receipts  since  his  last  settlement. 

Second.  That  all  money  colleoted  by  him  as  collector  has  been  paid. 

The  collector  shall  also  file  in  the  office  of  the  secretary  on  said  first  Monday  in  each  month  the 
receipt  of  the  treasurer  for  the  money  so  paid. 

Sec.  34.  Upon  the  presentation  of  the  coupons  due  to  the  treasurer,  he  shall  pay  the  same  from 
said  bond  fund.  Whenever,  after  ten  years  from  the  issuance  of  said  bonds,  said  fund  shall  amount 
to  the  sum  of  ten  thousand  dollars,  the  board  of  directors  may  direct  the  treasurer  to  pay  such 
an  amount  of  said  bonds  not  due  as  the  moneys  in  said  fund  will  redeem,  at  the  lowest  value  at  which 
they  may  be  offered  for  liquidation,  after  advertising  for  at  least  four  weeks  in  some  daily  newspaper 
in  each  of  the  cities  hereinbefore  named,  and  in  any  other  newspaper  which  said  board  may  deem  ad¬ 
visable,  for  sealed  proposals  for  the  redemption  of  said  bonds.  Said  proposals  shall  be  opened  by  the 
board  in  open  meeting,  at  a  time  to  be  named  in  the  notice,  and  the  lowest  bid  for  said  bonds  must  be 
accepted:  Provided,  That  no  bond  shall  be  redeemed  at  a  rate  above  par.  In  case  the  bids  are  equal, 
the  lowest  numbered  bond  shall  have  the  preference.  In  case  none  of  the  holders  of  said  bonds  shall 
desire  to  have  the  same  redeemed,  as  herein  provided  for,  said  money  shall  be  invested  by  the  treas¬ 
urer,  under  the  direction  of  the  board,  in  United  States  gold-bearing  bonds,  or  the  bonds  of  the  State, 
which  shall  be  kept  in  said  “bond  fund,”  and  may  be  used  to  redeem  said  district  bonds  whenever 
the  holders  thereof  may  desire. 

Sec.  35.  After  adopting  a  plan  of  said  canal  or  canals,  storage  reservoirs,  and  works,  the  board  of 
directors  shall  give  notice,  by  publication  thereof  not  less  than  twenty  days  in  one  newspaper  pub¬ 
lished  in  each  of  the  counties  composing  the  district,  provided  a  newspaper  is  published  therein,  and 
in  such  other  newspapers  as  they  may  deem  advisable,  calling  for  bids  for  the  construction  of  said 
work,  or  of  any  portion  thereof ;  if  less  than  the  whole  work  is  advertised,  then  the  portion  so  advertised 
must  be  particularly  described  in  such  notice;  said  notice  shall  set  forth  that  plans  and  specifications 
can  be  seen  at  the  office  of  the  board,  and  that  the  board  will  receive  sealed  proposals  therefor,  and 
that  the  contract  will  be  let  to  the  lowest  responsible  bidder,  stating  the  time  and  place  for  opening 
said  proposals,  which  at  the  time  and  place  appointed  shall  be  opened  in  public,  and  as  soon  as  con¬ 
venient  thereafter  the  board  shall  let  said  work,  either  in  portions  or  as  a  whole,  to  the  lowest  respon¬ 
sible  bidder,  or  they  may  reject  any  or  all  bids  and  readvertise  for  proposals,  or  may  proceed  to  con¬ 
struct  the  work  under  their  own  superintendence  with  the  labor  of  the  residents  of  the  district.  Con¬ 
tracts  for  the  purchase  of  material  shall  be  awarded  to  the  lowest  responsible  bidder.  Any  person  or 
persons  to  whom  a  contract  may  be  awarded  shall  enter  into  a  bond,  with  good  and  sufficient  sureties, 
to  be  approved  by  the  board,  payable  to  said  district  for  its  use,  for  double  the  amount  of  the  con¬ 
tract  price,  conditioned  for  the  faithful  performance  of  said  contract.  The  work  shall  be  done  under 
the  direction  and  to  the  satisfaction  of  the  engineer,  and  be  approved  by  the  board. 
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Sec.  36.  No  claim  shall  be  paid  by  the  treasurer  until  allowed  by  the  board,  and  only  upon  a  warrant 
signed  by  the  president,  and  countersigned  by  the  secretary;  provided ,  that  the  board  may  draw 
from  time  to  time  from  the  construction  fund  and  deposit  in  the  county  treasury  of  the  county 
where  the  office  of  the  board  is  situated,  any  sum  in  excess  of  the  sum  of  twenty-five  thousand  dollars. 
The  county  treasurer  of  said  county  is  hereby  authorized  and  required  to  receive  and  receipt  for  the 
same,  and  place  the  same  to  the  credit  of  said  district,  and  he  shall  be  responsible  upon  his  official  bond 
for  the  safe  keeping  and  disbursement  of  the  same,  as  in  this  act  provided.  He  shall  pay  out  the 
same,  01  any  portion  thereof,  to  the  treasurer  of  the  district  only,  and  only  upon  the  order  of  the 
board,  signed  by  the  president  and  attested  by  the  secretary.  The  said  county  treasurer  shall  report 
in  writing,  on  the  second  Monday  in  each  month,  the  amount  of  money  in  the  county  treasury,  the 
amount  of  receipts  for  the  month  preceding,  and  the  amount  or  amounts  paid  out ;  said  report  shall 
be  verified  and  filed  with  the  secretary  of  the  board.  The  district  treasurer  shall  also  report  to  the 
board,  in  writing,  on  the  first  Monday  in  each  month,  the  amount  of  money  in  the  district  treasury, 
the  amount  of  receipts  for  the  month  preceding,  and  the  amount  and  items  of  expenditures,  and  said 
report  shall  be  verified  and  filed  with  the  secretary  of  the  board. 

Sec.  37.  The  cost  and  expense  of  purchasing  and  acquiring  property  and  constructing  the  works 
and  improvements  herein  provided  for  shall  be  wholly  paid  out  of  the  construction  fund.  For  the 
purpose  of  defraying  the  expenses  of  the  organization  of  the  district,  and  of  the  care,  operation, 
management,  repair,  and  improvement  of  such  portions  of  said  canal  and  works  as  are  completed 
and  in  use,  including  salaries  of  officers  and  employes,  the  board  may  either  fix  rates  of  tolls  and 
charges,  and  collect  the  same  from  all  persons  using  said  canal  for  irrigation  and  other  purposes,  or 
they  may  provide  for  the  payment  of  said  expenditures  by  a  levy  of  assessments  therefor,  or  by 
both  said  tolls  and  assessments,  if  by  the  latter  method  such  levy  shall  be  made  on  the  completion 
and  equalization  of  the  assessment  roll,  and  the  board  shall  have  the  same  powers  and  functions  for 
the  purposes  of  said  levy  as  are  now  possessed  by  boards  of  supervisors  in  this  State.  The  procedure 
for  the  collection  of  assessments  by  such  levy  shall  in  all  respects  conform  to  the  provisions  of  this 
act  relating  to  the  payment  or  principal  and  interest  of  bonds  herein  provided  for. 

Sec.  38.  The  board  of  directors  shall  have  power  to  construct  the  said  works  across  any  stream  of 
water,  watercourse,  street,  avenue,  highway,  railway,  canal,  ditch,  or  flume  which  the  route  of  said 
canal  or  canals  may  intersect  or  cross,  in  such  manner  as  to  afford  security  for  life  and  property ;  but 
said  board  shall  restore  the  same,  when  so  crossed  or  intersected,  to  its  former  state  as  near  as  may 
be,  or  in  a  sufficient  manner  not  to  have  impaired  unnecessarily  its  usefulness;  and  every  company 
•  whose  railroad  shall  be  intersected  or  crossed  by  said  works,  shall  unite  with  said  board  in  forming 
said  intersections  and  crossing,  and  grant  the  privileges  aforesaid;  and  if  such  railroad  company  and 
said  board,  or  the  owners  and  controllers  of  the  said  property,  thing,  or  franchise  so  to  be  crossed, 
can  not  agree  upon  the  amount  to  be  paid  therefor,  or  the  points  or  the  manner  of  said  crossings  or 
intersections,  the  same  shall  be  ascertained  and  determined  in  all  respects  as  is  herein  provided  in 
respect  to  the  taking  of  land.  The  right  of  way  is  hereby  given,  dedicated,  and  set  apart,  to  locate, 
construct,  and  maintain  said  works  over  and  through  any  of  the  lands  which  are  now,  or  may  be, 
the  property  of  this  State;  and  also  there  is  given,  dedicated,  and  set  apart,  for  the  uses  and  purposes 
aforesaid  all  waters  and  water  rights  belonging  to  this  State  within  the  district. 

Sec.  39.  The  board  of  directors  shall  each  receive  four  dollars  per  day,  and  mileage  at  the  rate  of 
twenty  cents  per  mile,  in  attending  meetings,  and  actual  and  necessary  expenses  paid  while  engaged 
in  official  business  under  the  order  of  the  board.  The  board  shall  fix  the  compensation  to  be  paid  to 
the  other  officers  named  in  the  act,  to  be  paid  out  of  the  treasury  of  the  district:  Provided ,  That  said 
board  shall,  upon  the  petition  of  at  least  fifty,  or  a  majority  of  the  freeholders  within  such  district 
therefor,  submit  to  the  electors  at  any  g  neral  election  a  schedule  of  salaries  and  fees  to  be  paid 
hereunder.  Such  petition  must  be  presented  to  the  board  twenty  days  prior  to  a  general  election,  and 
the  result  of  such  election  shall  be  determined  and  declared  in  all  respects  as  other  elections  are 
determined  and  declared  under  this  act. 

Sec.  40.  No  director  or  any  other  officer  named  in  this  act  shall  in  any  manner  be  interested,  directly 
or  indiiectly ,  in  any  contract  awarded  or  to  be  awarded  by  the  board,  or  in  the  profits  to  be  derived 
therefrom;  and  for  any  violation  of  this  provision,  such  officer  shall  be  deemed  guilty  of  a  misde¬ 
meanor,  and  such  conviction  shall  work  a  forfeiture  of  his  office,  and  he  shall  be  punished  by  a  fine 
not  exceeding  five  hundred  dollars,  or  by  imprisonment  in  the  county  jail  not  exceeding  six  months, 
or  by  both  such  fine  and  imprisonment. 

Sec.  41.  The  board  of  directors  may,  at  any  time,  when  in  their  judgment  it  may  be  advisable,  call 
a  special  election,  and  submit  to  the  qualified  electors  of  the  district  the  question,  whether  or  not  a 
special  assessment  shall  be  levied  for  the  purpose  of  raising  money  to  be  applied  to  any  of  the  pur¬ 
poses  provided  in  this  act.  Such  election  must  be  called  upon  the  notice  prescribed,  and  the  same 
shall  be  held  and  the  result  thereof  determined  and  declared  in  all  respects  in  conformity  with-  the 
provisions  of  section  fifteen  of  this  act.  The  notice  must  specify  the  amount  of  money  proposed  to 
be  raised,  and  the  purpose  for  which  it  is  intended  to  be  used.  At  such  elections  the  ballot  shall  con¬ 
tain  the  words,  “Assessment— yes,”  or  “Assessment— no.”  If  two-thirds  or  more  of  the  votes  cast 
are  Assessment  Nyes,1  the  board  shall,  at  the  time  of  the  annual  levy  hereunder,  levy  an  assessment 
sufficient  to  raise  the  amount  voted.  The  rate  of  assessment  shall  be  ascertained  by  deducting  fifteen 
per  cent,  for  anticipated  delinquencies  from  the  aggregate  assessed  value  of  the  property  in  the 
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district,  as  it  appears  oil  the  assessment  roll  for  the  current  year,  and  then  dividing  the  sum  voted  by 
the  remainder  of  such  aggregate  assessed  value.  The  assessments  so  levied  shall  be  computed  and 
entered  on  the  assessment  roll  by  the  secretary  of  the  board,  and  collected  at  the  same  time  and  in 
the  same  manner  as  other  assessments  provided  for  herein;  and  when  collected  shall  be  paid  into  the 
district  treasury  for  the  purposes  specified  in  the  notice  of  such  special  election. 

Sec.  42.  The  board  of  directors,  or  other  officers  of  the  district,  shall  have  no  power  to  incur  any 
debt  or  liability  whatever,  either  by  issuing  bonds  or  otherwise,  in  excess  of  the  express  provisions  of 
this  act,  and  any  debt  or  liability  incurred,  in  excess  of  such  express  provisions,  shall  be  and  remain 
absolutely  void. 

Sec.  43.  In  case  the  volume  of  water  in  any  stream  or  river  shall  not  be  sufficient  to  supply  the  con¬ 
tinual  wants  of  the  entire  country  through  which  it  passes,  and  susceptible  of  irrigation  therefrom, 
then  it  shall  be  the  duty  of  the  water  commissioners,  constituted  as  hereinafter  provided,  to  apportion, 
in  a  just  and  equitable  proportion,  a  certain  amount  of  said  water  upon  certain  or  alternate  weekly 
days  to  different  localities,  as  they  may,  in  their  judgment,  think  best  for  the  interest  of  all  parties 
concerned,  and  with  due  regard  to  the  legal  and  equitable  rights  of  all.  Said  water  commissioners 
shall  consist  of  the  chairman  of  the  board  of  directors  of  each  of  the  districts  affected. 

Sec.  44.  It  shall  be  the  duty  of  the  board  of  directors  to  keep  the  water  flowing  through  the  ditches 
under  their  control  to  the  fullest  capacity  of  such  ditches  in  times  of  high  water. 

Sec.  45.  Navigation  shall  never  in  any  wise  be  impaired  by  the  operation  of  this  act,  nor  shall  any 
vested  interest  in  or  to  any  mining  water  rights  or  ditches,  or  in  or  to  any  water  or  water  rights,  or 
reservoirs  or  dams,  now  used  by  the  owners  or  possessors  thereof,  in  connection  with  any  mining 
industry,  or  by  persons  purchasing  or  renting  the  use  thereof,  or  in  or  to  any  other  property  now  used 
directly  or  indirectly  in  carrying  on  or  promoting  the  mining  industry,  ever  be  affected  by  or  taken 
under  its  provisions,  save  and  except  that  rights  of  way  may  he  acquired  over  the  same. 

Sec.  46.  None  of  the  provisions  of  this  act  shall  be  construed  as  repealing  or  in  any  wise  modifying 
the  provisions  of  any  other  act  relating  to  the  subject  of  irrigation  or  water  commissioners.  Nothing 
herein  contained  shall  be  deemed  to  authorize  any  person  or  persons  to  divert  the  waters  of  any  river, 
creek,  stream,  canal,  or  ditch,  from  its  channel,  to  the  detriment  cl  any  person  or  persons  having  any 
interest  in  such  river,  creek,  stream,  canal,  or  ditch,  or  the  waters  therein,  unless  previous  compensa¬ 
tion  be  ascertained  and  paid  therefor,  under  the  laws  of  this  State  authorizing  the  taking  of  private 
property  for  public  uses. 

Sec.  47.  This  act  shall  take  effect  immediately. 


Select  Committee  on  Irrigation, 

Saturday,  March  15,  1890. 

The  committee  met  pursuant  to  adjournment,  Mr.  Vandever  in  the  chair. 

STATEMENT  OF  MAJ.  J.  W.  POWELL — continued. 

Maj.  Powell  said: 

Mr.  Chairman  and  gentlemen  of  the  committee,  in  presenting  this  subject  to  you 
heretofore  I  have  tried  to  illustrate  the  facts  to  you  by  means  of  concrete  instances, 
taking  up  one  valley  after  another  and  indicating  the  more  important  problems 
which  arose  in  those  valleys.  I  had  prepared  a  large  number  of  maps  in  order  to 
present  the  subject  over  the  entire  arid  region,  but  the  time  taken  up  on  one  or  two 
of  these  valleys  has  been  so  great  that  I  fear  I  shall  weary  you  with  too  long  an 
account,  and  I  have  thought  best,  if  the  members  of  the  committee  agree  to  it,  not 
to  take  up  any  more  of  these  special  basins,  but  to  give  a  general  outline  of  the 
subject,  bringing  together  the  problems  which  relate  to  the  arid  lands  and  to  the 
use  of  the  waters,  so  as  to  occupy  very  much  less  time  than  I  have  been  doing 
heretofore. 

If  this  is  satisfactory,  Mr.  Chairman,  I  will  proceed.  I  have  also  brought  with 
me  a  number  of  diagrams  relating  to  the  artesian  wells  of  the  arid  region,  but  per¬ 
haps  it  Avould  be  well  to  sum  up  first  what  I  was  going  to  say  in  relation  to  the  dis¬ 
tricts.  It  will  be  remembered  that  when  I  presented  the  map  I  stated  that  the 
extent  of  the  arid  region  irrigated  is  practically  about  1,340,000  square  miles.  In 
addition  to  that  there  are  about  250,000  square  miles  of  sub-humid  region  where 
irrigation  is  being  practiced  to  a  small  extent,  and  where  crops  can  be  raised  some 
years  without  irrigation  and  other  years  can  not  be,  so  that  the  problem  involves 
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an  area  of  more  than  one  and  a  half  million  square  miles.  Within  that  region 
there  are  8,000,000  acres  of  land  which  have  already  been  irrigated,  and  as  shown 
by  the  map,  it  is  distributed  throughout  the  States  and  Territories  of  the  region,  so 
that  already  there  is  a  basis  of  experience  in  farming  by  means  of  irrigation  suffi¬ 
cient  to  warrant  the  statements  which  have  been  made  as  to  the  necessity  of  irri¬ 
gation  and  the  value  of  the  lands  when  irrigated,  and  this  experience  has  also 
developed  to  a  large  extent  the  problems  which  arise  under  this  new  industry. 

It  will  be  understood,  I  think,  from  the  concrete  instances  which  I  have  pre¬ 
sented,  that  not  all  of  that  land  can  be  irrigated.  It  would  be  a  large  estimate  to 
say  that  one-tentli  of  it  can  be  irrigated  by  perennial  streams.  When  all  the 
waters  are  used— every  spring,  brook,  creek,  and  river;  when  all  the  storm  waters 
are  used;  when  all  the  waters  which  now  run  to  waste  during  the  season  of  non¬ 
irrigation  are  stored,  and  when  there  is  a  complete  and  full  development  of  that 
country,  it  will  still  be  a  large  estimate  to  say  that  10  per  cent  of  it  can  be  irrigated. 
The  amount  of  water  falling  is  exceedingly  variable,  from  2  to  8  inches  in  some 
regions  of  the  country,  and  from  16  to  18  inches  in  other  regions  of  country.  On 
non-irrigable  lands  in  the  mountains  the  rainfall  rises  to  60  and  70  inches,  but  on 
the  lands  to  be  irrigated  there  is  nowhere  within  this  region  20  inches  of  rainfall, 
and  the  average  will  be  less  than  10  inches  of  rainfall  on  such  lands. 

Mr.  Pickler.  What  amount  of  rainfall  is  necessary  to  raise  wheat,  supposing  it 
falls  at  the  right  time  ? 

Maj.  Powell.  Eight  inches,  if  it  falls  at  the  right  time,  but  if  it  is  distributed 
throughout  the  year,  more  than  that  is  required.  It  being  understood,  then,  that 
when  all  the  waters  are  used  only  a  portion  of  the  lands  can  be  served,  it  comes  to 
be  an  important  problem  to  know  what  lands  shall  be  served.  Now,  all  things 
considered,  this  is  the  greatest  problem  that  the  subject  presents.  It  is  possible  to 
select  the  lands  in  such  a  manner  that  the  good  lands  can  be  served,  or  in  such  a 
manner  that  poor  lands  can  be  served.  It  is  possible  to  select  the  lands  in  such  a 
manner  that  ultimately  less  than  one-tenth  of  the  country  can  be  irrigated — I  mean 
less  than  one-tenth  of  the  million  and  a  half  square  miles  of  land. 

If  the  lands  are  selected  improperly  at  points  far  away  from  the  catchment  areas, 
then  the  amount  of  lands  to  be  irrigated  is  diminished  thereby.  If  the  lands  to  be 
irrigated  on  the  Rio  Grande  were  selected  low  down  on  the  Rio  Grande,  instead  of 
distributed  along  its  course  in  each  catchment  area,  and  the  whole  body  was  selected 
in  New  Mexico,  it  would  not  be  possible  to  irrigate  one-twentieth  of  the  land  that 
could  be  irrigated  if  the  lands  were  selected  by  catchment  basins  and  the  water  rel¬ 
egated  to  the  lands  close  to  where  the  waters  are  caught.  I  think  that  the  illustra¬ 
tions  which  I  have  presented  to  you  fully  bring  out  this  fact.  For  example,  suppose 
it  should  be  declared  by  some  authority  that  the  waters  of  the  Rio  Grande  should 
be  used  to  serve  the  lands  in  the  Mesilla  Valley  and  Bernalillo  Valley,  as  I  have 
pointed  them  out  on  the  map  before  you,  and  that  in  order  to  irrigate  these  lands 
other  lands  should  not  be  irrigated.  Then  certainly  the  amount  which  could  be 
irrigated  by  all  the  waters  of  the  Rio  Grande  would  not  be  more  than  one-twelfth 
of  what  could  be  irrigated  should  the  region  of  country  be  divided  into  catchment 
areas,  and  the  people  in  each  catchment  area  be  allowed  to  irrigate  the  land  immed¬ 
iately  connected  with  that  catchment  area.  If  I  do  not  make  myself  clear,  I  beg 
of  you  to  interrogate  me  in  the  matter. 

The  lands  to  be  irrigated  are  of  themselves,  without  water,  practically  valueless. 
The  lands  which  can  be  irrigated  to  the  best  advantage  in  any  region  of  country 
are  practically  valueless  for  pasturage  purposes,  and  they  never  bear  timber.  It  is 
an  important  fact  in  connection  with  this  that  the  irrigable  lands  are  neither  pas¬ 
turage  lands  nor  timber  lands.  They  lie  lower  in  the  valleys,  where  the  rainfall  is 
less,  and  the  pasturage  on  the  lowlands  is  so  exceedingly  scant  that  they  are  com¬ 
paratively  valueless  for  pasturage  purposes.  The  better  pasturage  lands  lie  higher. 
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and  all  the  timber  lands  are  higher,  and  in  general  the  timber  lands  are  not  valua¬ 
ble  for  agriculture  by  irrigation. 

The  increase  of  these  otherwise  valueless  lands  by  putting  water  upon  them  is 
very  great.  I  think  it  may  be  stated  without  bordei'ing  on  exaggeration  that  in 
general  an  acre  of  land  with  the  water  right  attached  thereto,  when  once  irrigated, 
is  given  an  increase  in  value  from  comparatively  nothing,  or  one  or  two  dollars  an 
acre,  to  from  $30  to  $200  per  acre.  I  know  of  no  irrigated  lands  that  sell  for  less 
than  that,  and  I  know  of  many  that  sell  for  much  more;  and  I  think  it  is  quite 
within  the  limits  of  a  reasonable  statement  to  say  that  the  irrigable  lands  vary  from 
$30  to  $200  per  acre,  with  the  water  rights  attached  thereto.  It  will  thus  be  seen 
that  the  increment  of  value  given  to  lands  by  reason  of  their  being  irrigated  is  suf¬ 
ficient  to  pay  the  cost  of  constructing  the  irrigation  works  many  times  over.  So 
there  is  no  need  of  any  Government  aid  in  the  construction  of  irrigation  works. 
The  increase  given  to  the  lands  themselves  will  always  warrant  the  expenses  neces¬ 
sary  to  construct  the  irrigation  works.  There  is  no  difficulty,  therefore,  to  obtain 
capital  to  irrigate  the  lands.  Capital  is  offered  in  vast  quantities  for  this  work. 
The  real  difficulty  lies  in  the  fact  that  at  present  there  is  no  security  to  the  small 
farmer  and  no  security  to  the  investor. 

Let  me  explain  that  a  little  further.  The  land  itself  is  valueless  without  the 
water.  If  a  company  owns  that  water,  unless  protected  by  local,  national,  or  State 
law  in  some  manner  the  farmer  becomes  the  servant  of  the  company.  This  has 
already  led  to  a  great  deal  of  litigation  and  conflict  in  the  country  in  the  adjusting 
of  rights  between  the  farmer  and  the  corporations  furnishing  the  water,  and  it  has 
led  to  the  destruction  in  many  places  of  the  corporate  properties,  and  in  others  to 
their  impairment.  On  the  other  hand  it  has  made  some  companies  rich  because  the 
process  of  litigation  has  sometimes  worked  one  way  and  sometimes  the  other. 

The  general  subject  which  I  am  just  now  mentioning  is  not  a  national  subject,  but 
rather  one  belonging  to  the  State,  and  in  general  the  States  and  Territories  are  tak¬ 
ing  up  the  question  of  water  l  ights  and  solving  them,  some  in  one  way  and  some  in 
another;  but  in  the  main  they  are  solving  them  in  the  direction  which  will  give  the 
management  of  the  water  to  corporate  companies  and  the  management  of  the  land 
to  farmers.  Another  line  of  development  is  to  give  the  water  and  the  land  to  com¬ 
panies,  and  many  of  these  companies  are  formed.  The  process  by  which  this  is 
done  is  threefold.  Only  one  needs  to  be  mentioned  now.  The  company  wishing  to 
enter  into  an  enterprise  of  irrigation  will  go  among  the  farmers  and  get  options  on 
their  lands,  or  induce  people  to  settle  in  the  country  with  the  understanding  that 
they  will  buy  them  out,  or  will  go  among  the  farmers  and  make  contracts  with 
them  to  furnish  water  perpetually  at  such  and  such  a  rate,  and  the  increase  of  value 
which  it  will  give  to  the  land  induces  the  farmer  to  make  contracts  of  this  charac¬ 
ter.  Whenever  it  is  possible,  the  company  usually  prefers  to  buy  the  land.  The 
vast  increase  of  value  given  to  the  land  enables  it  to  get  a  profit, 
j  The  main  difficulty  which  arises  in  the  question  is  that  there  is  at  present  no  sys¬ 
tem  whatever,  local,  State,  or  national,  by  which  all  the  waters  can  be  relegated  to 
/  specific  lands.  There  is  a  general  theory  of  law  which  is  sustained  in  the  courts, 
and  in  some  States  and  Territories  by  statutes,  which  provides  for  priority  of  right. 
But  it  does  not  affect  questions  of  water  right  between  different  districts  and  be¬ 
tween  different  States.  Let  us  see.  Here  is  a  river  which  can  irrigate  a  few  hun¬ 
dred  thousand  acres  of  land.  The  land  below  where  that  river  runs  is  rich  and  can 
be  irrigated  to  good  advantage,  and  canals  are  constructed  for  the  purpose.  In  the 
immediate  neighborhood,  within,  say,  a  county,  a  number  of  claims  are  established 
to  the  use  of  the  water  locally,  then  this  use  can  be  regulated  under  the  law  of  pri¬ 
ority.  Now,  suppose  a  man  goes  up  that  stream  50  or  200  miles  on  a  creek  or  some 
smaller  river  and  takes  a  portion  of  the  water  which  runs  into  the  great  stream, 
he  does  not  take  it  in  such  a  way  that  the  man  far  below,  living  in  another  county 
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or  State,  can  identify  the  water  which  he  uses  as  the  particular  water  taken  out  by 
that  man  from  a  spring,  or  brook,  or  creek,  or  river  far  up ;  and  the  courts  have 
geneially  claimed  that  a  man  must  identify  his  water  if  he  wants  to  enjoin  the 
use  of  the  river  far  above  ;  that  he  must  identify  the  water  which  he  would  have 
used  below.  This  has  led  almost  everywhere  throughout  the  country  to  conditions 
which  have  protected  irrigation  schemes  high  up.  The  effect  is  to  gradually  drive 
the  settlement  up  stream.  They  are  moving  higher  up  the  streams.  In  doing  this 
they  move  into  regions  of  country  where  only  hay  and  potatoes  can  be  cultivated. 
In  quite  a  number  of  regions,  as  in  Utah  and  in  some  places  in  New  Mexico  and 
Idaho,  they  are  beginning  to  make  settlements  where  they  have  snow  six  months 
in  the  year.  People  know  that  above  they  can  not  have  their  water  rights  cut  off. 
They  go  up  where  the  water  falls,  and  the  process  is  driving  the  agriculture  of  the 
country  into  the  mountains. 

M  ithout  the  intervention  of  the  Government,  a  condition  of  affairs  is  growing 
up  through  which  there  will  ultimately  be  presented  enormous  claiqis.  If  in  the 
State  of  Kansas  the  people  are  sold  land  under  the  desert-land  act  at  so  much  per 
acre  and  required  to  irrigate  the  land  before  they  can  obtain  possession,  and  if  after 
the  land  is  irrigated  all  the  water  is  taken  from  them,  they  seem  to  think  that  thev 
have  a  right  to  come  back  to  the  Government  to  protect  them  in  the  use  of  the 
land,  saying  that  they  have  bought  it  from  the  Government  under  a  virtual  con¬ 
tract  that  if  they  would  irrigate  it  they  would  have  water  rights,  and  that  they  did 
irrigate  with  this  understanding,  and  then  the  water  was  cut  off  above.  Either  the 
Government  must  prevent  this  or  the  rights  of  the  people  will  be  destroyed  ;  and 
if  the  people  above  are  allowed  to  go  ahead  and  irrigate  and  redeem  their  lands, 
then  the  question  arises,  How  shall  the  rights  be  settled  between  the  two  communi¬ 
ties?  They  aie  in  different  States  or  different  Tei'ritories,  as  the  case  may  be,  and 
shall  the  Government  allow  two  communities  to  be  established  on  the  basis  of  agri¬ 
culture,  depending  on  the  use  of  one  body  of  water,  one  in  opposition  to  the  other, 
with  a  knowledge  that  in  time  one  or  the  other  of  these  communities  will  be  de¬ 
stroyed  ? 

lou  have  had  before  you  for  consideration,  gentlemen,  cases  of  this  kind,  and  it 
must  be  manifest  that  one  or  the  other  of  the  communities  must  be  destroyed  :  the 
Government  has  given  these  lands  at  so  much  per  acre  under  the  condition  that 
they  shall  be  irrigated.  The  outcome  of  it  will  be  that  from  each  community  thus 
cut  off,  an  appeal  will  be  made  to  Congress  for  aid.  They  will  say  that  for  ten  or 
twenty  years,  as  the  case  may  be,  you  sold  land  to  people  above  and  told  them  to 
ii  rigate  it,  and  they  irrigated  it,  and  now  the  waters  are  taken  away  from  us  and 
w  e  w  ant  compensation.  It  will  be  in  this  manner  that  a  vast  system  of  claims 
upon  the  Government  will  be  established.  How  they  will  be  settled  by  Congress,  I 
do  not  know. 

I  spoke  a  moment  ago  about  capital  offering  and  people  being  desirous  to  engage 
in  irrigation,  so  that  the  country  is  being  developed  very  rapidly  and  will  be  much 
more  rapidly  in  the  future.  Under  the  present  conditions  the  great  fortunes  that 
aie  made  by  irrigation  are  made,  in  the  main,  by  middlemen,  by  promoters,  who 
get  capital  from  the  East  and  get  options  in  the  West,  and  construct  works  ami 
oiganize  construction  companies  and  operating  companies  and  companies  for  sup¬ 
plying  water  to  the  farmers ;  and  in  that  manner,  in  the  main,  the  vast  increment 
of  \  alue  v  liich  arises  from  irrigation  is  going  into  the  hands  of  irrigation  pro¬ 
moters,  those  who  organize  the  companies,  and  the  farmers  and  investors  are  left 
to  contend  for  their  rights  and  soon  must  be  ruined.  I  especially  dwell  upon  the 
fact  for  it  is  one  of  the  most  serious — that  every  river  of  magnitude  throughout 
the  arid  region  runs  through  two  or  more  States.  The  Rio  Grande  and  the  Col¬ 
orado  and  the  Columbia  pi’esent  international  problems.  On  the  north  there  are 
half  a  dozen  smaller  streams  that  lie  between  British  America  and  our  own  terri- 
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tory.  Omitting  the  international  problems  and  passing  them  by ,  every  State  and 
every  Territory  is  complicated  with  some  other  State  or  Territory.  The  State  and 
Territorial  lines  chance  to  have  been  drawn  across  areas  everywhere  in  such  a 
manner,  on  every  river  of  magnitude,  that  there  is  scarcely  a  creek  of  any  magni¬ 
tude  or  any  smaller  river  in  all  that  country  which  does  not  involve  interests  of  tv  o 
or  more  counties  or  two  or  more  States. 

The  present  State  lines  and  present  county  lilies  were  not  laid  out  with  the  end 
in  view  of  securing  a  homogeneous  body  of  people,  a  people  having  one  common 
interest  in  one  county  or  one  State  government.  If  this  country  had  been  divided 
into  counties  and  States  by  river  basins,  that  difficulty  would  have  been  avoided. 
If  it  had  happened  that  States  had  been  divided  by  river  districts,  all  these  prob¬ 
lems  could  have  been  solved  by  the  States  themselves;  but  as  the  facts  actually  exist 
the  problems  can  not  be  solved  by  State  governments,  and  they  are  of  the  most  se¬ 
rious  character  and  involve  interests  of  enormous  magnitude.  It  is  well  known  to 
you,  gentlemen,  how  a  fishing  ground  on  a  little  bit  of  territory  between  two  States 
comes  to  be  a  matter  of  bitter  contest  between  the  States;  but  what  will  it  be  be¬ 
tween  States  when  a  vast  system  of  agriculture  is  in  controversy  between  them? 

This  is  no  ideal  difficulty.  It  has  arisen  between  Colorado  and  Nebraska.  Gov¬ 
ernors  have  threatened  violence,  and  it  has  created  a  great  deal  of  contention.  The 
subject  has  been  introduced  into  Congress  and  an  investigation  ordered.  Questions 
between  Colorado  and  Kansas  have  in  like  manner  arisen  in  Congress.  Shall  the 
agriculture  of  Kansas  be  destroyed  in  favor  of  Colorado?  or  shall  the  agriculture  of 
Colorado  be  destroyed  in  favor  of  Kansas  ?  are  questions  already  before  the  Con¬ 
gress  of  the  United  States.  The  same  question  arises  between  Texas  and  New 
Mexico.  Soon  it  will  arise  between  Colorado  and  New  Mexico.  There  is  a  bitter 
contest  at  present  in  the  Department  of  the  Interior  between  Idaho  and  Utah. 
Conventions  have  been  held;  governors  have  petitioned  the  Secretary  of  the  Inte¬ 
rior  in  reference  to  a  division  of  the  water  of  Bear  River. 

Now  they  are  beginning  to  develop  agriculture  in  the  States  farther  north,  and 
the  same  question  will  arise  between  the  Dakotas  and  Montana,  and  between  Mon¬ 
tana,  Oregon,  and  Washington,  and  between  Oregon  and  Nevada,  and  between 
California  and  Nevada.  I  have  shown  you  that  very  often  the  bodies  of  irrigable 
lands  are  so  situated  that  the  waters  caught  in  one  State  have  to  be  used  in  an¬ 
other.  Six  million  acres  of  land  in  Idaho  will  depend  wholly  upon  waters  caught 
in  Wyoming.  Three-fourths  of  the  agriculture  of  Nevada  depends  upon  water 
caught  in  California.  So  that  the  interstate  problems  are  enormous,  so  enormous 
that  I  almost  hesitate  to  state  what  I  believe  to  be  their  magnitude.  I  think  that 
there  is  not  less  than  §500,000,000  involved.  But  one  case  that  I  have  given  you 
shows  that  over  5,000,000  acres  of  land  in  Idaho  depends  upon  waters  to  be  caught 
and  stored  in  Wyoming  Territory.  This  is  simply  one  illustration:  and  suppose  in 
that  case  they  are  worth  only  §30  per  acre.  That  means  lands  to  the  amount  of 
$150,000,000  just  between  two  States. 

Now,  gentlemen,  I  have  presented  these  facts  to  you,  and  I  do  not  know  whether 
it  is  modest  for  me  to  suggest  a  solution  of  the  problems;  but  if  you  will  hear  me 
on  the  subject  I  would  like  to  speak  a  few  minutes  upon  what  I  think  is  the  solu¬ 
tion. 

Mr.  Hatch.  For  one,  I  would  be  very  glad  to  hear  it.  That  is  what  we  are  here 
for. 

Maj.  Powell.  It  takes  me  out  of  my  proper  function  as  an  executive  officer  of 
the  Government,  to  suggest  legislative  measures,  but  I  think  there  are  three 
methods  by  which  it  can  be  solved,  two  of  which  I  deem  impracticable  under  our 
form  of  government;  the  other,  I  think,  is  wholly  practicable  under  our  form  of 
government. 

The  General  Government  may  take  control  of  these  waters  and  construct  the 
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irrigating  works  and  be  well  remunerated  thereby  by  charging  the  people  for  the 
water,  and  have  control  of  the  whole  thing,  nationalizing  the  agricultural  institu¬ 
tions  of  the  arid  country.  Or  the  General  Government  may  declare,  in  accordance 
with  the  theory  of  one  of  the  bills  before  you,  that,  while  it  will  not  construct  the 
works,  it  will  authorize  the  people  to  construct  the  works  by  granting  charters  for 
the  same.  If  this  form  should  be  taken  and  rights  be  given  to  irrigate  without  a 
proper  inspection  or  be  given  at  random,  it  will  ultimately  result  in  piling  up 
against  the  Government  the  most  enormous  claims.  I  think  the  statements  I  have 
made  heretofore  are  sufficiently  explicit  to  show  why  this  would  be,  without  argu¬ 
ing  the  point  further.  It  may  institute  a  commission,  as  constituted  in  this  bill, 
with  an  organization  to  make  surveys,  to  examine  the  streams  and  the  lands,  etc. ' 
and  authorize  that  commission  to  charter  private  bodies  or  corporations  or  individ¬ 
uals  to  do  this  work.  That  is  the  theory  of  this  bill  before  you.  That  would  need 
a  great  central  commission  and  local  State  commissions  and  a  vast  body  of  mar¬ 
shals,  United  States  courts,  etc.  By  that  scheme  it  is  proposed  that  corporations 
shall  control  the  water  and  farmers  control  the  lands,  and  that  farmers  shall  be  sup¬ 
plied  with  water  by  the  corporations,  and  shall  not  have  control  of  the  water  them¬ 
selves.  That  is  like  saying  that  the  Government  of  the  United  States  shall  assume 
the  control  and  supply  of  waters  for  all  the  cities  and  towns  of  the  United  States 
under  one  vast  system  through  commissioners,  who  grant  charters  to  individuals 
to  supply  this  town  or  that  town  with  water,  or  this  city  or  that  city,  as  the  case  may 
be;  and  that  all  the  water  supplied  to  the  cities  and  towns  in  the  United  States 
should  be  supplied  under  charters  granted  by  a  United  States  commission. 

That  is  the  theory  of  one  of  the  bills  before  you,  that  the  United  States  commis¬ 
sion  shall,  through  the  aid  of  a  body  of  executive  officers  and  a  body  of  engineers 
and  a  body  of  surveyors,  determine  what  ought  to  be  done  in  granting  charters,  so 
that  charters  shall  not  interfere  with  charters,  and  right  not  interfere  with  right, 
and  grant  charters  to  water  companies  to  supply  farmers.  Either  of  these  methods 
of  nationalizing  the  affair  I  deprecate,  without  stopping  to  state  my  reasons. 

On  the  other  hand,  a  study  of  the  problem  for  20  years  has  led  me  to  the  conclu¬ 
sion  that  it  is  possible  to  solve  it  in  a  manner  in  harmony  with  the  institutions  of 
this  country.  I  think  it  is  possible  to  divide  all  the  arid  region  where  irrigation  is 
dependent  on  living  streams  into  natural  districts.  I  am  not  speaking  of  irrigation 
by  the  storage  of  stormwaters,  artesian  waters,  etc.  I  am  speaking  of  irrigation 
from  sources  where  these  great  water  rights  are  involved — that  it  is  possible  to 
divide  into  two  or  three  hundred  districts  the  whole  of  that  vast  empire,  so  that  all 
the  water,  all  the  land,  all  the  timber,  and  all  the  pasturage  will  be  divided  among 
these  districts  in  such  a  manner  that  the  people  of  one  district  will  have  control  of 
the  group  of  common  values  in  these  districts,  and  do  as  they  please  with  them. 
My  theory  is  to  organize  in  the  United  States  another  unit  of  government  for  spe¬ 
cific  purposes,  for  agriculture  by  irrigation,  for  the  protection  of  the  forests  which 
are  being  destroyed  by  fire,  and  for  the  utilization  of  the  pasturage  which  can  only 
be  utilized  in  large  bodies  ;  that  is,  to  create  a  great  body  of  commonwealths.  In 
the  main  these  commonwealths  would  be  like  county  communities  in  the  States.  In 
many  cases  the  districts  would  compose  portions  of  two  States.  If  it  were  possible 
to  solve  it  so  that  every  district  would  be  within  one  State,  and  let  the  whole  thing 
be  turned  over  to  the  States,  it  would  be  to  the  best  advantage,  but  to  turn  over  the 
subject  to  the  States  under  the  facts  which  actually  exist  is  to  turn  over  to  the  States 
an  endless  conflict.  Let  the  General  Government  designate  the  boundaries  of  these 
districts  and  let  the  Government  make  the  surveys  and  say  that  the  waters  of  each 
stream  shall  be  used  on  specified  lands. 

Mr.  Hatch.  If  it  will  not  interrupt  you  right  there,  I  understand  you  to  say  you 
would  refer  to  the  Federal  Government  the  jurisdiction  over  the  waters  and  over  the 
timber  and  over  the  pasturage  ? 
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Major  Powell.  No,  sir ;  I  should  turn  all  over  to  the  people  by  districts  and  by 
States.  I  would  have  the  Government  declare  the  boundary  of  an  irrigation  district 
for  this  purpose,  and  then  say  to  the  people  of  these  districts,  Control  these  interests 
for  yourselves.  Let  Congress  do  something  more  ;  let  it  say  within  each  district, 
There  is  a  body  of  land  which  is  irrigable,  and  you  can  use  all  the  water  in  that  dis¬ 
trict  on  that  body  of  land  and  nowhere  else.  Then  say  to  the  people  You  can  set¬ 
tle  that  district  which  is  declared  irrigable ;  you  can  settle  that  by  homesteads,  and 
that  pasturage  and  that  timber  we  turn  over  to  you  on  this  condition,  that  the  States 
will  agree  that  the  people  who  live  in  any  district  which  is  to  be  divided  by  a  State 
line  may  themselves  organize  then-  own  government  and  use  the  water  belonging 
to  them  as  a  district.  Declare  further  that  this  law  is  inoperative  until  the  States 
agree  to  it.  Leave  it  to  the  States  to  agree  to  it,  and  if  they  are  willing  that  a  part 
of  their  people  shall  organize  with  a  part  of  the  people  of  another  State  for  the  pur¬ 
pose  of  forming  an  irrigation  district,  but  for  no  other  purpose — if  they  allow  the 
people  to  make  their  own  laws  and  govern  themselves  in  the  distribution  of  that 
water,  then  the  Government  will  turn  over  to  the  people  of  such  district  the  use  of 
the  timber  and  the  use  of  the  pasturage. 

The  people  living  in  a  district  are  the  only  people  interested  in  its  pasturage  and 
forests,  as  I  have  shown  to  the  committee.  Say  to  the  States,  If  you  will  allow  the 
people,  wherever  these  interstate  districts  are  found,  to  organize  solely  for  the  pur¬ 
pose  of  controlling  the  water,  we  will  turn  over  all  to  them.  We  will  not  give  the 
lands,  but  the  General  Government  will  declare  that  the  pasturage  lands  and  the 
timber  lands  are  held  by  the  General  Government  as  the  custodian  of  the  people, 
and  they  are  allowed  the  benefit  and  use  of  the  timber  and  pasturage  thereof,  but 
that  no  individual  shall  get  control  of  either  the  timber  or  pasturage  lands. 

Mr.  Pickler.  Then  the  people  in  the  irrigable  parts  of  that  district  would  practi¬ 
cally  own  the  pasturage  land  and  timber  ? 

Major  Powell.  No,  sir ;  they  would  own  no  land,  but  would  practically  own  the 
pasturage  and  timber :  the  title  must  remain  in  the  General  Government. 

Mr.  Pickler.  That  is,  that  these  people  would  have  the  use  of  it? 

Major  Powell.  Precisely.  Let  them  make  their  own  laws  to  govern  the  use  of 
that  timber  in  their  own  way  and  govern  the  pasturage  in  their  own  way.  If  they 
want  that  timber  destroyed,  if  they  want  to  sell  it,  if  they  want  to  destroy  it  and 
wipe  out  irrigation,  they  are  responsible  for  it,  and  let  them  do  as  they  please.  Say 
to  them,  You  can  not  sell  this  land,  you  need  this  wood,  and  you  need  this  timber 
for  your  farms,  and  if  you  protect  it  from  fires  and  cut  it  in  such  a  manner  that  it 
will  not  injure  your  rivers  and  sources  of  supply  for  irrigation,  you  may  have  the 
timber.  The  pasturage  is  a  matter  of  some  importance,  but  far  less  than  the  timber. 

I  believe,  Mr.  Chairman,  that  the  simplest  possible  solution  to  this  problem  is  as 
follows : 

Let  the  General  Government  organize  the  arid  region,  including  all  of  the  lands 
to  be  irrigated  by  perennial  streams,  into  irrigation  districts  by  hydrographic 
basins  in  such  a  manner  that  each  district  shall  embrace  all  of  the  irrigable  lands 
of  a  catchment  basin  and  all  of  a  catchment  basin  belonging  to  those  lands,  and  de¬ 
termine  the  amount  of  water  which  each  catchment  area  will  afford,  and  then 
select  sufficient  irrigable  lands  for  that  water  to  serve,  and  declare  that  the  waters 
of  the  catchment  area  belong  to  the  designated  lands  and  to  no  other,  and  prohibit 
the  irrigation  of  any  other  lands.  In  order  to  maintain  existing  rights,  declare  all 
lands  irrigated  at  the  present  time  to  be  irrigable  lands.  This  will  divide  the  water 
among  the  lands  and  prevent  conflict,  and  rights  will  not  grow  up  where  they  can 
not  be  maintained.  Then  let  the  people  of  each  such  irrigation  district  organize  as 
a  body  and  control  the  waters  on  the  declared  irrigable  lands  in  any  manner  which 
they  may  devise.  Then  declare  that  the  pasturage  and  timber  lands  be  perma¬ 
nently  reserved  for  the  purposes  for  which  they  are  adapted,  and  give  to  the  people 
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the  right  to  protect  and  use  the  forests  and  the  grasses.  Let  the  Government 
retain  the  ownership  of  reservoir  sites,  canal  sites,  and  head-work  sites  ;  but  allow 
the  people  of  each  district  to  use  them,  as  a  body,  so  as  to  prevent  speculation  in 
such  sites,  which  would  ultimately  be  a  tax  on  agriculture. 

Some  of  these  districts  would  lie  in  two  States.  To  this  arrangement  the  con¬ 
sent  of  the  States  should  be  obtained,  and  all  the  districts  should  be  organized 
under  State  laws.  The  Government  should  not  grant  these  privileges  to  the  districts 
until  the  States  themselves  ratify  the  agreement  and  provide  statutes  for  the  organ¬ 
ization  of  the  districts  and  for  the  regulation  of  water  rights,  the  protection  and 
use  of  forests,  and  the  protection  and  use  of  pasturage.  This  is  the  general  plan 
which  I  present.  There  are  minor  questions  to  be  considered,  but  the  fundamental 
principles  of  the  system  are  simple,  as  I  have  stated  them. 

Mr.  Hatch.  Take  the  arid  region.  That  is  subject  to  reclamation  by  irrigation, 
as  you  have  described  it.  What  are  the  general  products  which  have  been  pro¬ 
duced  ?  What  are  the  crops? 

Maj.  Powell.  In  my  testimony  there  is  a  good  deal  on  that  subject. 

Mr.  Hatch.  I  will  not  trouble  you,  then,  to  repeat  it.  I  just  wanted  to  know  if 
it  had  already  been  stated. 

Maj.  Powell.  I  can  do  it  in  one  sentence  :  Everything  that  can  be  cultivated 
between  the  climate  of  Norway  and  the  climate  of  Egypt.  They  are  already  cul¬ 
tivating  date  palms  in  one  portion  of  the  country,  oranges,  lemons,  and  all  the 
products  of  Egypt.  One  of  the  great  products  of  California  is  the  Egyptian  corn. 

The  hour  of  12  o’clock  having  arrived,  the  committee  thereupon  adjourned  to 
meet  on  Thursday  next. 


Select  Committee  on  Irrigation, 

Thursday ,  March  27,  1890. 

The  committee  met  pursuant  to  adjournment,  Mr.  Hansbrough  in  the  chair. 

statement  of  maj.  J.  w.  powell — continued. 

Maj.  Powell  said: 

Mr.  Chairman  and  gentlemen  of  the  committee,  at  the  last  meeting  the  chairman 
requested  me  to  speak  at  this  meeting  about  the  artesian  waters  of  the  arid  region 
and  about  the  prospects  of  irrigating  the  Great  Plains;  and  I  have  brought  with  me 
this  morning  maps  and  diagrams  for  that  purpose.  Here  is  before  you  a  map  of 
the  arid  region  like  one  which  I  presented  before,  except  that  it  is  colored  to  show 
the  distribution  of  the  artesian  waters  so  far  as  known.  Of  course  they  are  only 
known  to  a  limited  degree.  The  artesian  districts  are  colored  in  blue,  as  you  see. 
To  the  east  of  the  arid  region,  on  the  Red  River  in  Dakota,  we  have  an  artesian 
basin  which  is  known  as  Lake  Agassiz,  the  basin  being  an  extinct  lake.  The  geology 
of  that  basin  has  been  known  for  some  time,  as  the  Red  River  country  was  ex¬ 
amined  by  members  of  the  Geological  Survey  some  years  ago.  Mr.  Chamberlin, 
now  president  of  the  Wisconsin  University,  had  charge  of  the  work. 

Here  in  the  J ames  Valley  of  the  Dakotas  we  have  other  artesian  wells,  which  I 
will  dwell  upon  somewhat  later  in  my  remarks  and  present  a  map  of  the  two 
Dakotas  giving  them  more  in  detail.  On  this  map  not  all  the  individual  wells  are 
marked  that  is  to  say,  they  are  marked  by  groups,  not  by  individual  wells;  so 
there  are  more  of  the  wells  than  the  dots  indicate.  Sometimes  the  colored  spots 
represent  two,  three,  or  more,  as  the  case  may  be.  There  are  also  wells  in  Texas. 
In  Arizona  we  have  a  few  artesian  wells  which  are  known;  in  Utah  we  have  a  few 
artesian  wells,  and  in  southern  California  we  have  some.  There  are  a  few  at  the 
north,  as  you  see,  in  Washington  and  Oregon.  This  gives  at  a  glance  and  in  a 
11  GEOL.,  PT.  2 - 1? 
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simple  way  what  is  known  as  to  the  distribution  of  the  artesian  waters  up  to  the 
present  time. 

It  can  not  be  doubted,  however,  that  there  are  many  more  basins,  as  the  country 
has  not  been  examined  very  fully  (only  casually  in  fact)  for  artesian  waters,  and 
many  more  artesian  basins  may  be  expected.  I  present  this  to  show  the  distribu¬ 
tion  of  the  artesian  wells  as  known. 

I  will  now  take  North  and  South  Dakota  more  in  detail.  This  [indicating]  is  the 
same  general  line,  separating  the  subhumid  from  the  arid  region,  as  shown  on 
other  maps  which  I  have  placed  before  you.  This  is  a  map  of  the  two  Dakotas. 
You  will  notice  that  the  spots  here  are  classified;  that  some  of  them  are  in  solid 
color,  and  others  are  arranged  with  bars.  The  different  characters  of  dots  repre¬ 
sent  different  artesian  basins.  A  large  part  of  the  artesian  water  of  the  Dakotas 
where  irrigation  is  necessary  will  be  seen  as  coming  from  a  geologic  formation  dif¬ 
ferent  from  that  of  the  wells  farther  east.  To  explain  this  subject  I  have  a  general 
diagram.  It  is  a  geological  section  of  the  two  Dakotas,  extending  from  the  Rocky 
Mountains  on  the  west  to  the  eastern  border  of  the  State.  The  green  represents 
rocks  of  the  Cretaceous  age.  The  formation  you  see  below  dotted  in  black  repre¬ 
sents  the  base  of  Cretaceous  rocks,  the  Dakota  sandstone.  This  sandstone  is  per¬ 
vious  to  water.  It  is  composed  of  sands  and  gravels,  and  contains  a  greater  part  of 
the  water  represented  by  the  artesian  wells  that  are  marked  with  rings  and  two 
cross  bars.  On  top  of  this  Cretaceous  formation  we  have  glacial  formations, 
which  are  not  represented  in  the  diagram.  They  lie  on  top,  and  these  artesian 
wells  come  from  rocks  below.  Some  wells  are  in  the  outlying  strips  of  Tertiary 
rocks,  but  the  great  supply  which  has  been  found  in  the  two  Dakotas  comes  from 
this  Dakota  sandstone.  Here  is  Huron,  here  the  White  River,  here  Highmore, 
here  Miller,  and  here  the  Missouri  River. 

Now  the  geological  conditions  under  which  artesian  waters  are  found  are  very 
well  known.  The  subject  has  been  studied  throughout  the  world.  Most  of  the 
artesian  waters  of  the  world  have  been  studied  to  such  an  extent  that  we  know 
their  geological  conditions.  It  is  known,  in  the  first  place,  that  in  metamorphic 
rocks  no  water  has  been  found.  So  in  making  an  examination  of  a  country  we  can 
exclude  large  areas,  the  geology  of  which  is  such  that  we  know  artesian  waters  can 
not  be  found  therein.  Artesian  waters  are  found  only  in  sedimentary  rocks  that 
are  pervious  to  water — through  which  water  can  creep. 

You  will  see  that  the  diagram  extends  from  the  Rocky  Mountains  on  the  west  to 
the  eastern  border  of  the  Dakotas,  and  that  this  Dakota  sandstone,  in  which  the 
best  artesian  wells  are  found,  underlies  the  country  throughout  the  entire  distance. 
But  on  the  west,  along  the  foothills  of  the  mountains,  this  sandstone  comes  to  the 
surface,  as  represented  in  the  diagram.  In  all  the  region  from  the  northern  boundary 
far  to  the  south,  the  edge  of  the  sandstone  outcrops  in  this  manner,  and  over  this 
outcrop  is  found  the  catchment  area  for  the  waters  which  percolate  down  through 
the  sandstone  eastward,  under  the  central  part  of  North  and  South  Dakota.  All 
the  water  found  in  the  artesian  district,  in  the  belt  along  the  one  hundredth  meridian, 
comes  from  this  distant  outcrop.  It  is  not  possible  to  get  from  the  artesian  wells 
of  the  plains,  that  are  derived  from  this  sandstone,  any  more  water  than  gets  into 
this  upturned  edge.  All  that  is  evaporated  at  the  surface  is  lost,  and  all  that  runs 
away  in  streams  is  lost.  Only  that  which  is  caught  and  percolates  down  through 
the  sandstone  comes  into  central  Dakota.  We  know,  too,  that  there  can  not  be  a 
free  flow  from  this  upturned  edge  through  the  hundreds  of  miles  of*  sandstone  to 
the  James  River  Valley.  If  there  were  a  perfectly  free  flow  of  water  in  the  James 
River  Valley,  it  ought  to  have  a  sufficient  pressure  to  throw  it  as  high,  or  nearly  as 
high,  as  the  outcropping  rocks  of  the  catchment  district,  but  the  pressure  is  far  less. 
This  is  testimony  to  the  condition  of  flowthrough  the  Dakota  sandstone;  the  flow 
is  not  free  but  is  obstructed  on  the  way.  The  sandstone  is  not  sufficiently  porous 
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to  permit  the  catchment  area  at  this  great  altitude  to  have  its  full  effect  in  pressure 
on  the  wells  of  the  James  River  Valley.  The  actual  pressure  found  on  the  artesian 
wells  of  the  eastern  region  is  but  a  small  fraction  of  what  it  would  be  if  the  hydro¬ 
static  pressure  were  equal  to  the  difference  of  altitude  between  the  wells  and  the 
catchment  surfaces. 

Now  I  want  to  consider  what  are  the  sources  of  water  for  irrigation  on  the  Great 
Plains  and  to  give  a  little  idea  of  the  need  for  water,  and  the  conditions  under  which 
it  can  be  used.  The  region  of  country  along  the  Great  Plains  lying  near  to  the  one 
hundredth  meridian  has  considerable  rainfall.  I  should  say  from  15  to  22  inches 
of  rain  is  found  on  an  average.  Some  years  it  will  be  more  and  some  years  less. 
Under  these  conditions  the  rainfall  is  sufficient  for  agriculture  some  years,  and  in 
other  years  it  is  insufficient,  and  it  has  happened  in  the  last  twenty  odd  years  com¬ 
ing  under  my  observation  that  the  dry  years  fall  in  groups  of  one,  two,  or  three,  as 
the  case  may  be.  When  one  dry  year  only  occurs,  and  is  followed  by  wet  years,  the 
disaster  to  agriculture  is  not  so  great,  but  when  two  or  three  dry  years  come  in 
succession  the  agriculture  is  cut  off  for  a  long  time,  and  then  the  disaster  is  very 
great  indeed.  It  has  happened  in  the  last  twenty  years  that  the  district  of  country 
which  I  have  pointed  out,  and  which  I  have  heretofore  called  the  subhumid  region, 
has  been  settled  here,  there,  and  elsewhere,  not  bodily  throughout  the  whole  coun¬ 
try,  but  in  small  districts.  Tbe  people  come  in  during  wet  seasons  and  com¬ 
mence  agricultural  operations,  and  in  dry  seasons  abandon  their  homes.  There  are 
portions  of  Kansas  that  have  been  abandoned  in  this  manner  three  times.  The 
disaster  occuring  there  has  of  course  been  very  great.  A  part  of  Dakota  has  been 
settled,  and  they  have  had  two  or  three  dry  seasons,  and  the  people  are  suffering 
very  greatly  by  reason  of  the  failure  of  their  crops,  and  it  is  manifest  that  for 
prosperity  the  people  must  provide  against  these  disasters  that  come  in  dry  years. 
That  these  dry  years  will  come  from  time  to  time  is  certain.  That  there  is  any 
material  change  in  the  climate  of  the  country,  due  to  its  settlement  or  other  causes, 
does  not  appear  from  the  records.  It  is  denied  by  the  experience  of  mankind  every¬ 
where  that  climatic  changes  come  from  trivial  causes,  or  causes  which  are  under 
control  of  man.  We  know  they  come  from  secular  causes  through  long  periods  of 
time. 

Mr.  Hatch.  That  is,  they  think  history  will  repeat  itself  in  a  term  of  years. 

Maj.  Powell.  In  a  term  of  years;  yes,  sir.  Investigations  have  been  made  by 
numbers  of  scientific  men  who  have  discussed  the  problem;  the  subject  has  been 
studied  for  a  long  time,  and  a  vast  amount  of  data  has  been  accumulated;  and  all 
show  local  and  temporary  oscillations,  but  no  permanent  change. 

Here,  then,  is  a  district  of  country  of  300,000  or  400,000  square  miles,  extending 
from  the  northern  border  to  the  southern  border,  where,  during  more  than  half  the 
years  of  any  lengthy  period,  we  may  expect  agricultural  operations  to  be  prosper¬ 
ous  by  reason  of  sufficient  rain,  more  prosperous  than  anywhere  else  in  the  humid 
regions  of  the  United  States.  Whenever,  in  any  district  of  country,  there  is  just 
sufficient  rainfall  and  no  more,  that  is  the  best  condition  for  that  agriculture  which 
is  dependent  upon  rainfall.  Any  increase  above  that  is  injurious.  For  a  portion 
of  the  time,  say  two-thirds  to  the  east  of  the  line,  one-half  along  the  line,  and  one- 
third  west  of  the  line,  there  is  rainfall  enough.  What  then  becomes  necessary  is 
to  supply  additional  water  in  seasons  of  drought,  so  there  may  not  be  a  time  when 
disaster  comes  to  the  farmer.  To  furnish  the  water  necessary  for  these  disastrous 
years,  we  have  to  furnish  a  smaller  amount  than  in  other  regions  of  country. 

Now,  what  waters  can  be  found  for  this  purpose?  I  will  speak  first  of  artesian 
wells.  Something  can  be  obtained  from  artesian  wells,  but  not  a  very  great  amount. 
The  experience  from  artesian  wells  fully  warrants  what  I  am  stating  now.  They 
have  been  bored  at  different  places  in  the  world  and  used  for  irrigation  wherever 
they  could  be  used,  and  it  bears  out  the  statement  I  make  that  the  supply  from 


260 


IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 


artesian  sources  is  always  limited,  is  always  very  small,  and  that  no  great  area  can 
be  irrigated  thereby.  If  all  the  artesian  wells  in  the  world  which  are  used  for  irri¬ 
gation  were  assembled  in  one  county  of  Dakota  they  would  not  irrigate  that  county. 

The  Chairman.  That  is  a  strong  statement,  and  I  am  afraid  it  will  not  be  borne 
out  by  the  facts. 

Mr.  Pickler.  There  are  many  fine  wells  that  I  know  of  myself. 

Maj.  Powell.  Let  me  go  into  this  somewhat  in  detail,  so  that  you  may  see  that  I 
am  not  considering  the  matter  carelessly.  An  artesian  well  which  will  give  a  cubic 
foot  of  water  per  second  is  a  well  far  better  than  the  average;  that  is,  a  well  which 
will  give  7  to  8  gallons  per  second.  There  are  wells  that  will  give  more  and  there 
are  wells  that  will  give  less  than  1  cubic  foot  per  second.  A  cubic  foot  of  water  per 
second  in  Dakota  in  the  eastern  portion  of  the  subhumid  region  will  irrigate  about 
200  acres  and  in  the  western  portion  about  125. 

The  Chairman.  You  say  the  wells  marked  by  solid  red  would  irrigate  200  acres 
and  those  in  the  western  portion  marked  with  bars  would  irrigate  about  125. 

Maj.  Powell.  I  am  not  speaking  of  any  specific  well;  I  am  speaking  of  a  hypo¬ 
thetical  well  which  will  turn  out  a  cubic  foot  of  water  per  second.  We  measure 
flowing  waters  in  cubic  feet  per  second.  There  are  wells  in  that  region  which  will 
turn  out  several  cubic  feet  each,  but  many  which  turn  out  less. 

Mr.  Pickler.  How  many  gallons  will  that  make  a  minute? 

Maj.  Powell.  About  450  gallons  per  minute.  That  is  to  say,  the  experience  of 
mankind  shows  that  it  takes  a  certain  amount  of  water  to  irrigate  an  acre.  That 
amount  of  water  per  acre  is  on  an  average  throughout  the  United  States  an  acre- 
foot  of  water  for  an  acre  of  land,  but  in  the  region  of  which  I  am  speaking  now 
they  do  not  need  that  much  water,  and  would  need,  say,  6  inches  of  water  for  an 
acre  of  land.  To  get  6  inches  of  water  over  each  acre  of  land,  say  1,000  or  10,000, 
takes  a  pretty  big  supply.  We  see  an  artesian  well  in  the  arid  country  with  a  bore 
of  about  4  to  6  inches,  as  the  case  may  be,  pouring  out  a  fine  stream  of  water,  and 
it  looks  a  large  stream  and  strikes  the  eye  with  a  good  deal  of  force,  but  when  you 
actually  compute  the  amount  of  water  which  it  supplies,  you  find  that  amount  is 
small.  Now,  there  is  something  more  to  be  said  in  that  direction.  The  number  of 
artesian  wells  in  every  district  that  has  been  experimented  with  is  always  limited, 
and  to  make  this  plain  I  have  prepared  a  written  statement  which  I  will  incorpo¬ 
rate  in  my  remarks  unless  you  desire  me  to  read  it. 

Artesian  Irrigation  on  the  Great  Plains. 

Artesian  reservoirs  can  never  be  an  important  source  of  water  for  irrigation.  The 
supply  of  water  thus  naturally  stored  is  small.  The  share  of  it  which  agriculture 
can  economically  obtain  through  wells  is  still  smaller.  Though  irrigation  has  aided 
agriculture  from  the  earliest  times  and  though  artesian  wells  have  long  been  under¬ 
stood,  the  world  has  succeeded  in  using  artesian  water  for  agriculture  in  but  a  few 
exceptional  spots.  The  Great  Plains  may  become  one  of  these  exceptional  locali¬ 
ties,  but  the  conditions  do  not  warrant  great  expectations. 

In  order  to  make  these  propositions  clear,  it  is  necessary  to  give  consideration  to 
some  of  the  general  facts  and  principles  affecting  artesian  water  supply,  to  the  eco¬ 
nomic  conditions  limiting  the  utilization  of  artesian  water  for  irrigation,  and  to  the 
special  conditions  existing  on  the  Great  Plains.  A  brief  account  will  also  be  given 
of  such  irrigation  as  is  based  on  artesian  water  supply  in  various  countries  of  the 
world. 

general  considerations  affecting  artesian  water  supply. 

An  artesian  reservoir  is  usually  a  bed  of  sand  or  sandstone  or  other  porous  rock, 
included  between  strata  of  clay  or  shale  or  other  fine-grained  rock  through  which 
water  can  not  freely  flow.  It  is  necessary  that  the  porous  stratum  come  to  the  sur- 
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face  at  some  point  so  as  to  receive  a  supply  of  water  from  rain.  If  all  the  points  at 
which  it  comes  to  the  surface  or  communicates  freely  with  the  surface  lie  higher 
than  the  point  at  which  water  is  to  be  drawn  through  wells,  the  reservoir  is  of  a 
type  which  may  be  denominated  as  perfect;  but  if  the  stratum  communicates  with 
the  surface  also  at  points  which  lie  lower  than  the  point  from  which  boring  is  made, 
the  reservoir  is  imperfect.  In  the  case  of  an  imperfect  reservoir  the  possibility  of  an 
artesian  flow  depends  upon  the  resistance  opposed  by  the  porous  bed  to  the  free 
flow  of  water. 

Permanent  flow.—  The  quantity  of  water  which  can  be  annually  and  in  perpetuity 
drawn  from  an  artesian  reservoir  manifestly  can  not  exceed  the  quantity  annually 
supplied  to  it.  The  quantity  annually  supplied  depends  on  various  factors,  chiefly 
the  extent  of  the  high-lying  outcrop,  the  rainfall  on  the  area  of  outcrop,  and  the 
capacity  of  the  rock  for  absorption.  Ordinarily  the  rock  does  not  receive  the  whole 
of  the  lainfall,  but  permits  a  part  of  it  to  run  off  in  surface  streams,  while  another 
part  escapes  from  the  surface  by  evaporation. 

The  amount  which  can  be  drawn  from  a  reservoir  may  depend,  in  addition,  on 
the  ability  of  the  porous  stratum  to  convey  water.  Where  the  stratum  is  thin  or 
contains  little  interstitial  space,  the  possible  delivery  of  water  is  corresponding! y 
small. 

In  the  case  of  imperfect  reservoirs  the  artesian  possibilities  are  further  limited 
by  the  natural  escape  of  water  at  lower  levels,  and  to  this  should  be  added  the  loss 
of  water  by  slow  transmission  through  the  covering  strata,  for  no  rock  is  absolutely 
impervious  to  water. 

From  a  perfect  reservoir  the  water  will  rise  in  a  well  to  the  height  of  the  out¬ 
cropping  edge  of  the  stratum  which  receives  the  rainfall;  from  an  imperfect  reser¬ 
voir  it  will  not  rise  so  high,  and  the  amount  of  difference  is  related  to  the  amount 
of  water  which  escapes  at  lower  levels,  as  well  as  to  the  resistance  to  flow  encount¬ 
ered  in  different  parts  of  the  stratum.  The  height  to  which  water  will  rise  in  a 
well  depends  on  the  pressure  exerted  by  the  water  upon  the  cover  of  the  reservoir, 
and  that  pressure  is  diminished  by  any  draft  upon  the  reservoir.  When  an 
artesian  well  is  opened  and  begins  to  flow,  the  pressure  from  the  water  of  the  reser¬ 
voir  is  immediately  diminished  by  the  flow;  in  other  words,  the  flowing  pressure 
is  less  than  the  static  pressure.  If  the  discharge  of  a  well  be  computed,  by  the  aid 
of  hydraulic  formulae,  from  the  static  pressure  and  the  size  of  the  bore,  such  com¬ 
puted  discharge  will  always  exceed  the  actual  discharge,  and  the  difference  will 
usually  be  great.  The  difference  is  caused  by  the  frictional  resistance  which  the 
water  experiences  in  moving  through  the  porous  stratum. 

In  this  way  the  mutual  interference  of  wells  is  occasioned.  The  boring  of  each 
well  reduces  the  static  pressure  of  the  water  of  the  reservoir  all  about  it,  the  reduc¬ 
tion  diminishing  outward  in  all  directions.  Any  well  bored  within  the  range  of 
this  reduction  meets  with  a  relatively  small  water  pressure  and  secures  a  relatively 
small  flow.  Reciprocally  the  boring  of  the  second  well  diminishes  the  flow  of  the 
first.  , 

If  a  series  of  neighboring  wells  be  bored  at  the  same  level,  the  individual  dis¬ 
charge  of  all  the  wells  is  progressively  diminished,  and  the  total  discharge  is  at  first 
progressively  increased,  but  the  limit  of  discharge  for  the  locality  is  finally  reached, 
and  then  the  boring  of  additional  wells  gives  no  advantage.  If  two  wells  in  the 
same  vicinity  nead  at  different  levels  the  one  at  the  lower  level  discharges  more 
water  than  the  other,  and  the  flow  of  a  well  or  of  a  group  of  wells  may  be  entirely 
destroyed  by  the  sinking  of  new  wells  at  a  lower  level.  The  same  effect  is  pro¬ 
duced  by  pumping  water  from  wells,  which  is  equivalent  to  a  discharge  at  lower 
level. 

There  is,  moreover,  in  the  case  of  most  wells,  a  certain  amount  of  waste  through 
the  escape  of  water  from  the  well  to  porous  strata  lying  above  the  impervious  cover 
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of  the  reservoir.  Such  waste  is  apt  to  increase  with  time,  and  it  manifestly  increases 
with  the  multiplication  of  wells.  It  is  therefore  possible  in  most  artesian  districts 
to  destroy  absolutely  the  artesian  head  by  the  boring  of  numerous  wells. 

Temporary  flow. —  vVhere  the  exposed  outcrop  of  the  artesian  stratum  covers  a 
broad  area  and  the  rainfall  is  ample,  it  is  usually  the  fact  that  the  amount  of  water 
supplied  to  it  is  more  than  can  be  transmitted  through  its  buried  portion  ;  but,  if  the 
outcropping  edge  is  narrow  and  lies  in  an  arid  region,  it  may  happen  that  the  stratum 
has  capacity  for  the  transmission  of  more  water  than  is  delivered  to  it.  If  these 
latter  relations  subsist  in  the  case  of  a  perfect  or  nearly  perfect  reservoir  and  that 
reservoir  is  tapped  by  numerous  artesian  wells,  the  initial  discharge  of  water  from 
the  wells  is  greater  than  the  permanent  discharge.  The  wells  in  such  case  draw 
upon  a  body  of  water  which  may  have  required  years  for  its  accumulation,  and 
their  conditions  of  permanent  flow  are  not  reached  until  this  accumulation  has  been 
exhausted.  Thus  in  another  and  independent  way  the  flow  of  artesian  wells  is  lia¬ 
ble  to  be  diminished. 

The  following  data,  selected  from  the  records  of  various  artesian  districts  of  the 
United  States,  illustrate  chiefly  the  phenomena  of  interference,  but  they  doubtless 
include  also  phenomena  of  temporary  flow. 

Denver  Basin. — Artesian  water  was  first  obtained  in  the  Denver  Basin  in  1883. 
The  flow  yielded  by  the  first  well,  was  so  large  and  the  water  was  of  such  superior 
quality  for  domestic  use  that  other  wells  were  put  down  with  great  rapidity.  There 
are  now  in  the  city  and  its  vicinity  about  three  hundred  wells.  Many  of  the  first 
wells  had  sufficient  pressure  to  force  the  water  into  tanks  in  the  tops  of  the  highest 
buildings  in  the  city,  but  as  the  number  of  wells  was  increased  the  pressure  and  flow 
of  the  older  wells  began  to  diminish,  and  finally,  in  the  region  where  they  are  most 
closely  grouped,  they  have  failed  to  furnish  water  without  the.  aid  of  pumps.  Out¬ 
side  the  region  of  closest  grouping  pressure  and  flow  have  been  diminished,  but  not 
to  so  great  extent.  Deep  wells  are  still  bored  at  Denver,  but  not  with  the  expecta¬ 
tion  of  obtaining  artesian  flow. 

Dubuque,  Iowa.— The  first  well  at  this  point  for  artesian  purposes  was  headed 
nearly  200  feet  above  the  level  of  the  Mississippi  River.  Water  was  obtained  in  great 
volume  and  rose  nearly  to  the  surface.  A  few  years  later  another  well  was  put  down 
at  a  lower  level,  approximately  100  feet  above  the  river.  A  good  flow  was  obtained, 
and  this  led  to  the  boring  of  numerous  wells.  At  first  all  were  successful,  but  it  was 
observed  that  with  the  multiplication  of  wells  the  flow  from  the  older  diminished, 
particularly  when  the  new  wells  were  headed  at  lower  levels.  Finally  an  exceed¬ 
ingly  large  bore  was  headed  in  the  lower  part  of  the  city,  but  a  few  feet  above  the 
river  level,  and  through  this  an  unprecedented  flow  was  developed  ;  but  within  a 
few  hours  the  flow  from  the  other  wells  diminished,  and  within  a  few  days  all  of 
those  at  the  higher  levels  ceased  to  flow.  Eventually  the  flow  from  the  last-bored 
well  dwindled  to  not  more  than  twice  or  thrice  that  of  the  first  well  at  the  100-foot 
level,  and  it  is  said  to  be  still  slowly  diminishing. 

Chicago. — The  city  of  Chicago  lies  over  an  artesian  reservoir,  and  it  was  hoped 
that  it  could  be  supplied  therefrom  with  water  for  domestic  purposes.  But  experi¬ 
mentation  proved  that  while  a  few  good  wells  could  be  secured  a  great  number  was 
impossible,  and  that  the  pumping  necessary  to  derive  a  large  supply  of  water  would 
deprive  the  entire  group  of  its  artesian  head. 

Rockford,  III. — The  municipality  of  Rockford  obtains  its  water  supply  through 
five  artesian  wells  which  were  bored  in  succession,  and  the  supply  was  measured 
after  the  addition  of  each  well. 
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Flow  of  wells  for  twenty-four  hours. 


Gallons. 

No.  1  . 1,000,000 

Nos.  land  2 .  2,000,000 

Nos.  1,2  and  3  .  2,600,000 

Nos.  1,2, 3  and  4  .  3,000,000 

Nos.  1 ,  T,  3, 4  and  5 .  3,  500, 000 


The  fifth  well  thus  increased  the  supply  only  half  as  much  as  did  the  second.  A 
private  well  was  afterwards  drilled  at  a  distance  of  1  mile  and  at  a  level  17  feet 
lower  than  the  city  wells,  when  the  flow  from  the  city  wells  immediately  fell  to 
2,500,000  gallons. 

Williams  County,  Ohio.—  For  the  last  thirty  years  it  has  been  known  that  artesian 
water  may  be  obtained  from  reservoirs  in  the  drift  in  -the  northwestern  portion  of 
Ohio.  In  Bryan,  the  county  seat  of  Williams  County,  an  artesian  well  was  bored 
in  the  public  square,  causing  the  village  to  be  popularly  called  the  “Fountain 
City.”  As  the  reservoir  lay  but  a  short  distance  beneath  the  surface,  wells  were 
easily  produced,  and  their  number  was  rapidly  increased ;  but  it  soon  became 
apparent  that  their  source  could  be  overtaxed.  The  force  of  the  flow  was  abated  ; 
the  highest  wells  began  to  fail  altogether  ;  a  pump  was  introduced  into  the  public 
square  fountain  ;  and  at  the  present  time  a  sluggish  flow  is  obtained  only  in  the 
lowest  portion  of  the  village.  % 

Toledo,  Ohio.—  The  conditions  are  similar  at  Toledo.  When  the  wells  were  first 
bored  the  water  rose  to  a  height  of  14  feet  above  the  level  of  Lake  Erie,  and  this 
head  was  gradually  lowered  as  the  number  of  wells  was  increased.  At  the  present 
time  water  is  pumped  from  wells  by  the  corporation  and  by  private  owners,  and 
the  head  has  fallen  to  40  feet  below  the  lake  level. 

Ohio  Valley. — In  the  vicinity  of  Pomeroy,  Ohio,  and  Mason  City,  W.  Va,,  brine 
for  the  manufacture  of  salt  has  been  obtained  from  artesian  wells  for  the  last  thirty 
or  forty  years.  When  first  tapped  the  brine  flowed  freely,  and  it  continued  to  do 
so  formany  years  ;  but  in  1865  the  number  of  wells  was  greatly  increased  and  the 
water  head  was  thereby  lost,  so  that  pumping  became  necessary.  Year  by  year 
the  pumps  have  been  lengthened,  and  now  they  are  placed  about  600  feet  below  the 
surface  of  the  ground. 

Alabama. — Although  the  lowlands  skirting  the  Atlantic  and  Gulf  slopes  every¬ 
where  belong  to  what  may  be  classed  as  an  artesian  district,  artesian  boring  for 
supplies  of  water  for  domestic  purposes  was  first  inaugurated  extensively  in  Ala¬ 
bama,  and  the  history  of  interference  is  best  known  there.  A  representative 
locality  is  Finch’s  Ferry,  where  the  bad  quality  of  the  surface  water  led  the  people 
to  seek  an  artesian  supply  about  fifty  years  ago.  The  first  well  obtained  a  strong 
flow  of  water  from  a  depth  of  several  hundred  feet,  and  other  wells  followed. 
With  the  boring  of  each  new  well  the  flow  from  the  older  wells  diminished,  and 
this  tendency  became  particularly  noticeable  when  a  well  was  bored  at  a  lower 
level  than  any  of  the  others  on  the  bank  of  the  Tuscaloosa  River.  In  order  not  to 
destroy  the  older  wells,  it  was  found  necessary  to  pipe  the  new  well  up  to  a  height 
corresponding  to  the  level  at  which  the  old  wells  were  located.  Even  then  the 
flow  from  the  wells  was  so  far  diminished  that  some  of  them  were  unable  to  clear 
the  casing  of  sand  and  debris,  and  so  became  clogged  and  ruined.  At  the  present 
time  but  three  wells  continue  to  flow  at  the  surface. 

ECONOMIC  LIMIT  TO  UTILIZATION  OF  ARTESIAN  WATER  FOR  IRRIGATION. 

There  is  a  certain  economic  relation  between  the  cost  of  an  artesian  well  de¬ 
signed  for  irrigation  and  the  amount  of  land  which  can  be  redeemed  by  the  water 
it  furnishes.  If  the  value  added  to  the  land  is  less  than  the  cost  of  the  well,  the 
boring  of  the  well  is  unprofitable.  The  conditions  determining  this  problem  are 
numerous  and  can  not  be  fully  discussed  in  a  quantitative  manner,  but  it  will  be 
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advantageous  to  consider  some  of  the  simpler  cases.  First  will  be  taken  the  gen¬ 
eral  case  in  which  the  permanent  conditions  of  flow  are  realized  at  once. 

Let  us  assume  that  the  value  added  to  an  acre  of  land  by  irrigating  it  is  $50 ; 
that  for  the  accomplishment  of  this  result  there  must  be  applied  to  each  acre  of 
land  a  quantity  of  water  amounting  in  an  irrigation  season  of  seventy  days  to  one 
acre-foot ;  and  that  by  means  of  storage  reservoirs  it  is  possible  to  save  for  irriga¬ 
tion  purposes  70  per  cent  of  the  water  flowing  from  a  well  during  the  remainder 
of  the  year. 

It  follows  from  these  assumptions  that  an  artesian  plant,  including  cost  of  storage 
reservoir  if  storage  is  employed,  must  not  cost  more  than  $1,000  for  each  20  acres 
of  land  reclaimed. 

It  follows  also  that  a  certain  daily  flow  must  be  realized.  In  case  the  water  is 
not  stored  and  is  used  only  during  the  irrigating  season  of  seventy  days,  a  well,  to 
be  profitable,  must  yield  perennially  65  gallons  per  minute  for  each  $1,000  of  cost 
of  plant.  The  cost  of  plant  in  this  case  includes  the  boring,  casing,  etc. ,  of  the  well 
and  the  construction  of  main  ditches  for  the  distribution  of  the  water.  If  the 
water  of  the  nonirrigating  season  (295  days)  is  stored,  a  well,  to  be  profitable,  must 
yield  perennially  21  gallons  per  minute  for  each  $1,000  of  cost  of  plant.  The  cost 
of  plant  in  this  case  includes  also  the  cost  of  constructing  storage  reservoirs,  head- 
works,  etc. 

These  estimates  of  running  gallons  per  minute  must  be  increased  if  the  value 
added  to  the  land  is  less  than  $50  per  acre,  if  the  irrigation  season  is  greater  than 
seventy  days,  if  the  duty  of  an  acre-foot  of  water  is  less  than  one  acre  of  land,  or 
if  less  than  70  per  cent  of  the  water  flowing  in  the  nonirrigating  season  can  be 
saved  by  means  of  storage  reservoirs ;  and  in  the  contrary  cases  they  must  be 
diminished. 

The  estimates  are  based  upon  assumptions  of  a  general  nature  intended  to  repre¬ 
sent  the  average  conditions  of  the  arid  region.  While  they  require  modification 
when  applied  to  individual  localities,  the  necessity  for  such  modification  is  limited 
by  certain  compensations  among  the  conditions.  These  arise  from  the  fact  that 
the  value  added  to  land  by  furnishing  it  with  water  for  irrigation  is  less  in  those 
localities  where  the  duty  of  water  is  greater,  and  from  the  further  fact  that  the 
value  added  to  land  is  in  general  greater  for  those  crops  for  which  tl  irrigation 
season  is  longer. 

Up  to  a  certain  limit,  determined  by  the  waste  through  leakage,  the  amount  of 
water  derived  from  an  artesian  basin  in  any  limited  locality  is  increased  by  increas¬ 
ing  the  number  of  wells,  but  the  average  flow  per  well  is  invariably  diminished, 
and  the  economic  limit  is  reached  when  the  gain  in  land  value  from  the  total  flow 
is  equal  to  the  total  cost.  This  limit  is  reached  before  the  maximum  supply  has 
been  derived  from  the  reservoir,  and  it  is  thus  economically  impracticable  to 
approximate  closely  the  natural  limit  of  artesian  supply. 

If  we  take  into  account  the  slope  of  surface,  which  exists  in  all  artesian  districts, 
and  the  advantage  enjoyed  by  the  wells  heading  on  low  ground,  it  is  evident  that 
the  last  wells  bored  in  a  district  will  usually  be  at  low  levels,  and  that  these  will 
impair  the  value  of  those  at  higher  levels.  Profitable  low-level  wells  may  be  bored 
after  the  limitation  indicated  above  has  been  reached.  Though  each  well  of  a  dis¬ 
trict  may  be  profitable  at  the  time  it  is  bored,  the  wells  in  the  aggregate  may  cost 
more  than  the  aggregate  value  of  the  water. 

If  the  supply  of  water,  impaired  by  multiplication  of  wells,  is  restored  by  pump¬ 
ing,  the  capitalization  of  the  cost  of  pumping  must  be  added  to  the  cost  of  the  plant 
in  making  the  economic  computation,  and  in  such  case  the  investment  may  be 
shown  to  be  still  more  disastrous. 

The  United  States  has  acquired  through  its  oil  and  gas  industries  a  large  expe¬ 
rience  in  the  boring  of  wells,  and  the  following  estimates  of  average  cost  are  based 
on  this  experience. 
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Passing  now  to  the  general  case  in  which  the  permanent  conditions  of  flow  are 
not  lealized  at  the  outset,  but  only  after  a  store  of  water  has  been  exhausted  by 
means  of  a  relatively  large  temporary  flow,  we  have  an  additional  factor  tending 
to  induce  a  greater  expenditure  in  the  boring  of  wells  than  will  be  ultimately  profit¬ 
able.  The  total  amount  of  water  obtained  is  in  this  case  greater,  but  unless  a  more 
conservative  policy  be  adopted  with  reference  to  the  multiplication  of  wells,  the 
economic  result  may  be  far  more  disastrous. 

Test  wells,  that  is,  wells  in  localities  where  the  succession  of  strata  and  other 
conditions  affecting  cost  are  unknown,  can  in  general  be  put  down  by  contract  at 
the  following  rates: 

Depth: 


500  feet 
1,000  feet 
1,500  feet 
2,000  feet 


$2, 000 

4.500 

7.500 
10, 000 


Individual  wells  may  in  exceptional  cases  cost  much  larger  amounts.  In  a  region 
where  many  wells  are  bored  and  the  conditions  are  known  the  cost  tends  to  fall  to 
the  following  minimum: 


Depth: 

500  feet 
1,000  feet 
1,500  feet 
2,000  feet 


$1,000 

2.500 

4. 500 
7,000 


IRRIGATION  BY  ARTESIAN  WELLS  IN  VARIOUS  COUNTRIES. 

The  cost  of  boring  wells  is  so  great  and  the  quantity  of  water  thus  obtained  is  so 
limited  that  in  most  localities  the  special  use  given  to  the  water  must  have  high 
value  in  order  to  warrant  the  sinking  of  wells.  Most  frequently  it  is  sought  for 
domestic  use.  It  is  also  sought  for  manufacturing  and  medicinal  purposes,  for  the 
watering  of  stock,  and  for  the  production  of  salt.  In  some  desert  regions  wells 
have  been  bored  from  point  to  point  to  furnish  water  for  the  use  of  travelers,  and 
the  water  flowing  from  such  wells  is  also  used  for  the  nourishment  of  gardens,  but 
the  irrigation  is  in  this  case  an  incidental  result  and  not  a  primary  purpose.  Such 
gaidens  associated  with  travelers’  wells  are  found  in  Abyssinia,  Upper  Egypt,  and 
at  various  places  on  the  Sahara,  and  also  in  Australia. 

Artesian  water  has  been  successfully  sought  for  the  purpose  of  irrigation  in  China, 
Italy,  Spain,  the  Sandwich  Islands,  Algeria,  California,  and  Utah.  Details  in  regard 
to  Chinese  wells  have  not  been  ascertained.  In  California  they  are  employed  almost 
exclusively  in  the  cultivation  of  fruits,  and  the  same  is  true  in  Algeria.  In  Utah 
they  are  made  to  serve  vegetable  gardens.  In  Algeria  about  4,000  acres  have  been 
reclaimed,  and  it  is  estimated  that  the  present  supply  of  water  is  competent  to  dou¬ 
ble  this  acreage.  In  California  the  wells  are  restricted  to  Los  Angeles,  San  Ber¬ 
nardino,  and  San  Diego  Counties,  and  it  is  stated  by  Mr.  W.  H.  Hall,  the  State 
engineer,  that  less  than  3,000  acres  are  irrigated.  In  Utah  about  2,000  acres  are 
irrigated.  In  each  of  the  other  countries  named  the  extent  of  the  irrigated  land  is 
very  small. 

The  work  in  Algeria  is  peculiarly  instructive,  because  agriculture  was  there  initi¬ 
ated  on  the  face  of  a  desert,  and  because  the  institution  of  wells  was  scientifically 
planned.  The  following  facts  are  selected  from  the  extensive  literature  of  the  sub¬ 
ject: 

Ii  i  igation  in  Algeria.  The  initiative  in  the  search  for  artesian  waters  in  Algeria 
was  taken  by  General  Desvaux,  of  the  French  army,  commanding  at  Batna,  in  the 
year  1855.  At  his  request  M.  Ch.  Laurent,  a  well  known  artesian  expert,  was  sent 
to  examine  that  portion  of  the  Sahara  Desert  lying  within  and  adjacent  to  the  con- 
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fines  of  Algeria,  with  reference  to  the  possibility  of  .  artesian  waters  and  the  best 
method  of  securing  them. 

The  work  of  boring  was  under  the  immediate  direction  of  M.  Jus,  C.  E. ,  assisted 
by  Lieutenant  Lehaut  of  the  army.  The  first  well  was  sunk  at  Tamerna,  in  the 
oasis  of  Oued  Rir’;  begun  early  in  May,  1856,  completed  June  19.  .  Its  flow  was  4,010 
litres  (141  cubic  feet,  or  1,059  gallons)  per  minute;  its  depth,  60  metres  (197  feet). 
From  this  date  to  1860  fifty  wells  were  sunk  in  the  province  of  Constantine  (Al¬ 
geria),  with  a  delivery  of  36,000  litres  (1,271  cubic  feet,  or  9,510  gallons)  per  minute. 

Subsequent  to  1860,  records  of  wells  are  traced  with  difficulty,  excepting  for  the 
oasis  of  Oued  Rir’,  anti  it  is  probable  that  the  information  that  follows  is  somewhat 
incomplete. 

According  to  the  best  accounts  at  present  available,  the  number  of  flowing  wells 
now  amounts  to  about  125,  tubed  with  iron,  and  500  native,  tubed  with  wood;  total, 
625.  Their  yield  is  240,000  litres  (8,475  cubic  feet,  or  63,400  gallons)  per  minute.  A 
well  of  3,000  to  4,000  litres  per  minute  (105  to  140  cubic  feet)  will  irrigate  from  100 
to  200  acres,  according  to  the  nature  of  the  soil.  This  gives  a  duty  of  from  42  to  84 
acres  per  cubic  foot  per  second,  the  former  being  nearer  the  average.  With  the 
present  supply  of  water  between  6,000  and  9,000  acres  can  be  irrigated.  At  present 
not  more  than  4,000  acres  are  under  cultivation,  of  which  3,706  are  in  the  oasis  of 
Oued  Rir’. 

It  is  stated  that  in  the  thirty  years  of  well  usage  in  this  country  the  wells  tubed 
with  iron,  with  rare  exceptions,  due  to  defective  tubing,  have  not  varied  in  the 
amount  of  their  delivery. 

The  following  table  is  based  on  one  by  M.  Rolland,  printed  in  the  report  of  the 
Societe  Agricole  et  Industrielle  de  Batria  et  du  sud  Algerien,  made  in  connection 
with  the  society’s  exhibit  at  the  Paris  Exposition  of  1889  : 


Principal  groups  of  artesian  wells. 

Maximum 
depth  of 
wells. 

No.  of 
wells. 

Average 
flow  per 
minute. 

Group  of  Ourir  Ensira,  Mraier,  and  Dendouga . 

Feet. 

269 

12 

Gallons. 

640 

Group  of  Sidi  Khelil . 

318 

4 

260 

Group  of  El  Berd  and  Tinedla . 

321 

3 

560 

Group  of  Zaouiet  R’hab  and  Mellaah . 

256 

2 

340 

1  Great  group  of  Mazer,  Ourlana,  Chria  Saiah  and  Tala-em 
Mouidi,  Ariana-Djama  and  Tiguedi-din,  Couidiat  Sidi  Yahia 

and  Sidi  Aniran . 

372 

18 

1,125 

Group  of  Tamerna  Khedina  and  Tamerna  Djedida . 

252 

10 

750 

Group  of  Moggar,  Sidi  Sliman,  Bou  Rekhis  and  El  Kessour  .... 

292 

9 

750 

Lateral  group  of  Sidi  Rached,  Bram,  Gliamra  and  El  Harihira. 

387 

14 

300 

Great  group  of  Megarin  Khedima  and  Meggarin  Djedida,  of 
Zaouia  Tebeshest  and  Tougourt,  of  Nezla  and  Coudiat  el 

340 

8 

525 

Terminal  group  of  Temassin-Tamelath  and  Bledet  Ahmar  and 

El Gong  . 

278 

8 

525 

GEOLOGIC  CONDITIONS  AND  STATISTICS  OF  ARTESIAN  WELLS  ON  THE  GREAT  PLAINS. 

Artesian  water  is  now  obtained  in  the  region  of  the  Great  Plains  from  Cambrian, 
Carboniferous,  Triassic,  Cretaceous,  Tertiary,  and  Pleistocene  formations. 

Three  wells  in  the  Red  River  basin  give  water  from  Cambrian  Strata, but  this 
water  is  saline  and  the  flow  is  moderate.  It  is  not  available  for  irrigation. 

Carboniferous  strata  yield  artesian  water  in  eastern  Kansas,  eastern  Nebraska, 
and  at  numerous  points  in  Texas.  This  water  is  chiefly  saline,  and  therefore  una¬ 
vailable  for  irrigation. 

In  Kansas,  artesian  water  has  also  been  derived  from  Triassic  sandstones  and 
found  to  be  saline  and  unfit  for  irrigation.  From  what  is  known  of  this  formation 
in  many  parts  of  the  country  it  is  believed  that  no  pure  water  will  be  obtained  from 
it. 

Water  has  been  obtained  from  several  horizons  in  the  Cretaceous,  which  is  a  great 
formation  covering  a  large  portion  of  the  Plains.  Its  principal  water-bearing 
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stratum  is  a  sandstone  at  the  base,  known  as  the  Dakota  sandstone.  The  water  de¬ 
rived  from  this  is  usually  suitable  for  irrigation  and  its  yield  is  exceptionally  large. 
It  has  been,  successfully  explored  in  North  Dakota,  South  Dakota,  Nebraska,  Kan¬ 
sas,  and  Texas. 

Artesian  basins  in  the  Tertiary  are. comparatively  limited.  Those  thus  far  discov¬ 
ered  lie  in  Colorado,  Kansas,  and  Texas. 

In  a  single  basin  Pleistocene  strata  have  yielded  water  by  numerous  wells.  This 
is  the  Red  River  Valley  of  North  Dakota  and  Minnesota.  The  water  is  mainly  of  a 
quality  suited  for  irrigation,  but  it  rises  in  a  region  where  the  need  of  irrigation  is 
not  felt,  and  its  quantity  is,  moreover,  too  small  to  permit  of  extensive  use  for  that 
purpose.  In  a  second  basin  a  little  water  has  been  found,  and  it  is  possible  that  yet 
other  artesian  basins  may  be  discovered  in  this  formation,  but  there  is  no  reason  to 
anticipate  that  they  will  afford  a  water  supply  of  great  value. 

In  the  following  tables  are  assembled  such  data  as  I  have  been  able  to  gather  with 
reference  to  the  location,  depth,  flow,  etc.,  of  the  artesian  wells  now  existing  on  the 
eastern  portion  of  the  Great  Plains,  and  thereto  are  added  corresponding  data  for 
the  wells  of  the  Red  River  basin.  As  will  be  observed,  they  are  arranged  by  States  : 

Wells  of  the  Red  River  Valley. 

MINNESOTA. 


Location. 

Depth. 

Strata  penetrated. 

Water  supply. 

Traverse  County : 

Feet. 

Near  Wheaton . 

119-182 

Glacial  drift  (till)  with  in- 

Fresh,  abundant. 

eluded  Shams  of  water- 

bearing  sand  and  gravel. 

55 

....  do . 

Do. 

Do  . 

45 

_ do . 

Do. 

Do 

67 

_ do . 

Do. 

35-160 

. ...  do  .... . . 

Do. 

Wilkin  County  : 

Champion  Township,  many 

50-66 

_ do . 

Fresh,  very  copious. 

wells. 

11 

....  do . 

Fresh. 

Do 

37 

...  do . 

Do. 

Do 

45 

_ do . 

Do. 

Clay  County : 

Near  Barnesville . 

35 

Near  Sabin . 

180 

Near  Morehead . 

100-228 

Kragnes . 

155 

Near  Georgetown . 

180 

Becker  County : 

Hamden . 

75 

Do . 

110 

Norman  County  : 

Perley . 

200 

All  these  go  through  thin 

Halstad .  . 

250 

lacustrine  and  alluvial  beds, 

Eight  miles  northeast  of  Hal- 

165 

then  are  for  most  of  their 

i  All  fresh,  with  co- 

stad. 

r 

depth  glacial  drift  (till), 

pious  supply. 

Do . 

219 

with  seams  of  water-bear- 

Ada . 

217 

ing  sand  and  gravel. 

Lockhart . 

140 

Lockhart  vicinity . 

125-150 

From  Ada  to  Crookston,  many 

100-200 

wells. 

Polk  County  : 

Near  Kittson . 

80-112 

Do . 

140 

Carman . 

190 

Near  Crookston . 

180 

Do . 

190 

Alluvium  and  lacustrine 

Fresh,  copious. 

beds,  then  glacial  drift 

(till)  in  which  are  water- 

bearing  seams  of  sand  and 

gravel. 

Do 

205 

....  do . 

Do. 

Do 

236 

_ do . 

Do. 

Vicinity  of  Crookston,  proba- 

165-240 

_ do . 

Do. 

bly  one  hundred  wells. 

285 

...  .do . 

Alkaline  and  saline, 

copious. 

45 

....  do . 

Do 

70 

_ do . 

South  Angus . 

253 

_ do . 

Do. 
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Wells  of  the  Red  River  Valley — Continued. 

MINNESOTA-  Continued. 


Location. 

Depth. 

Strata  penetrated. 

Water  supply. 

Marshall  County : 

Argyle . 

Feet. 

150 

Alluvium  and  lacustrine  beds. 

Alkaline  and  saline, 

Do . 

285 

then  glacial  drift  (till)  in 
which  are  water-bearing 
seams  of  sand  and  gravel. 

. . .  do  .’ . 

copious. 

Do. 

I)o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Fresh,  copious. 

Do. 

Saline,  copious. 

Tamarack  and  vicinity . 

74 

....  do . 

Do . 

05 

....  do  . . 

Do . 

218 

....  do  .... 

Stephen . 

220 

....  do  . . 

Do . 

240 

...  .do  . . 

Kittson  County : 

Donaldson . 

45 

...  .do  . 

Near  Kennedy . 

95 

....  do  . . 

Near  Halloek . 

119 

....  do  .... 

Near  Northcote . 

30 

.  . . do . . . 

St.  Vincent . 

165 

....  do  . . 

NORTH  DAKOTA. 


Richland  County  : 

Farmington . 

Feet. 

93 

Dwight  vicinity  (ten  wells) . 

Colfax . 

Do  . 

85-110 

85 

125 

Do . 

128 

135 

Do . 

Walcott* . 

110 

Do . 

Walcott  vicinity . 

*  120 
104 

Do . ", . 

131 

Do . 

227 

Cass  County : 

Durbin . 

160 

Thin  alluvial  and  lacustrine 
beds;  then  the  principal 
thickness  consists  of  glacial 
drift  (till)  in  which  are 
water-bearing  seams  of 
sand  and  gravel. 

Everest . 

160 

Argusville . 

157 

■ 

-  Fresh,  copious. 

“Do . 

Argusville  vicinity . 

158 

130 

Do . 

153 

Gardner . 

125 

Gardner  vicinity  (many  wells) . . 

Grandin  (within  an  area  of  50 
rods). 

Traill  County : 

Quincy . 

96  200 
f  105 

I  158 

1  187 

L  248 

213 

Kelso  ~ . 

109 

Do . 

110 

Kelso  vicinity . 

no 

Do . 

175 

Blanchard  (ten  wells) . 

175-404 

Partly  in  Cretaceous 

Brackish,  copious. 

Hillsboro . . . 

105] 

Do . 

125 

Do . 

175 

Do . 

108 
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Grand  Forks  County : 

Grand  Forks . 

Do . 

270 

Manvel  . 

168 

Do . 

175 

Thin  alluvial  and  lacustrine 
beds;  below  these  a  great 
thickness  of  glacial  drift 
(till),  in  which  are  water¬ 
bearing  seams  of  sand  and 
gravel. 

1 

Walsh  County : 

Ardoch  . 

164 

All  in  this  northern 
part  of  the  valley 
are  brackish  and 
alkaline. 

Minto . 

196 

Do . 

200 

Grafton . 

J 

Auburn . 

175 

Pembina  County : 

St.  Thomas . 

175 

Glasston . 

200 

Hamilton . 

179 

143 

Bathgate . 

Bathgate  vicinity  (eleven  wells) . 
Neche  vicinity . 

130-160 

220 
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Wells  in  North  and  South  Dakota  deriving  water  from  the  Dakota  sandstone. 


Locality. 


Vermilion . 
Yankton . . 


Depth. 


Feet. 

350 

610 

165 


600 

1,300 

1,500 

1,100 


600 

1,300 


Do . 

Yankton  vicinity 

Tyndall . 

Mitchell . 

Plankinton . 

Kimball . 

Chamberlain .... 

Letcher . 

Woonsocket  .... 

Artesian  City  . . . 

Vilas . i . 

Huron .  863 

Brookings .  900 

Miller .  1, 148 

Highmore .  1,553 

Harold .  1,300 

Hitchcock .  965 

Redfield . 

Frankfort . 

Faulkton .  1,300 


Gettysburg 

Ashton . 

Andover  . . . 

Groton . 

Aberdeen  . . 
Columbia  . . 
Ipswich .... 


Ellendale 


Jamestown . 

Jamestown  vicinity 
Devil’s  Lake . 


1,300 

915 

1,070 

960 

908 

965 

1.270 

1,087 

1,476 

1,321 

1,511 


No.  of 
wells. 


15 


15 


Diam¬ 
eter  of 
bore. 


Incite  a 


Tem¬ 

per¬ 

ature. 


°Fali. 


3J-4  .J- 


Many. 


6 

4i 

5 

5ft 
4f 

6 

4-5-6 


3} 


62 


60 


Press¬ 
ure  (per 
square 
inch). 


Pounds. 


32 

140 

122 


140 

95 


250 


170 


80 

68 


125 

25 

80 

186-218 


55 

64 

60 

60 

65 

65 

70 


50 

90 

187 

140-160 

176 

70 

175 

95 


rJeva-  j  Surface 
tion  |  of  Da- 
(surface  j  kota 
above  (above 
sea).  sea). 


Feet. 

1,150 

1,196 

1,196 
1,196 
1,418 
1,301 
1,528 
1,788 
1, 363 
1,300 
1.308 
1,313 
1,480 
1.285 
1, 636 
1,587 
1,890 

1,801 

1.139 

1.300 
1,296 
1,595 

2,082 

1,296 

1,476 

1.301 
1,300 
1,304 
1,530 

1,453 

1,400 

i,470 


Feet. 


616 


438 

338 


381 

406 

341 

396 

339 

260-300 

366 

50 


39 


422 


Character  of  water. 


Slightly  hard ;  drink¬ 
able;  used  in  boilers. 


In  process. 

Said  to  end  in  granite. 
Excellent. 

Soft,  and  of  good 
quality. 

Used  for  irrigation. 


Abandoned ;  drilling 
another. 


Soft. 

Soft;  slightly  brack¬ 
ish. 

Soft ;  not  pleasant  to 
the  taste. 

Abandoned. 


Locality. 

Artesian 

head 

(above 

sea). 

Water- 
supply 
(per  min¬ 
ute). 

Area  that  can  be  irri¬ 
gated,  allowing  6 
inches  of  water  (esti¬ 
mate  for  average  year). 

Area  that  can  be  irri¬ 
gated,  allowiug  12 
inches  of  water  (esti¬ 
mate  for  dry  year). 

With 

storage. 

Without 
storage; 
irrigating 
season  of  70 
days. 

With 

storage. 

Without 
storage; 
irrigating 
season  of  70 
days. 

Vermilion . 

Feet. 

Gallons. 

80 

3,000 

8,000 

1,400 

1,000 

14 

60 

300 

3,500 

600 

375 

60 

Acres. 

196 

7,333 

19,550 

3,422 

2,444 

34 

147 

733 

Acres. 

Acres. 

Acres. 

Yankton . 

Woonsocket . 

1.270 

1,885 

1,678 

1,876 

1,948 

1,411 

1,670 

1,708 

1,742 

1,690 

1,575 

1,857 
4, 952 

3,667 

929 

2,476 

433 

310 

Huron . 

1,711 

1,222 

17 

Miller . 

Highmore  . 

9 

|  Ashton . 

4 

19 

93 

1,084 

186 

!  Aberdeen . 

Columbia . . 

186 

2,167 

371 

7  o 
367 
4,279 
733 

j  Ellendale . 

1,467 

j  Jamestown . 

1  Devil’s  Lake . 

147 

llo 

_ fj 

td 
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Other  Wells  in  the  Dakotas. 


Location. 

Depth. 

Strata  penetrated. 

Water  supply  (per 
minute). 

Grafton . 

Feet. 

915 

670 

317-000 

250-215 

300 

395 

Passed  through  stratified 
rocks  to  granite. 

Fort  Pierre  shales  in  Nio¬ 
brara  horizon. 

Passed  through  the  Drift  into 
Cretaceous  rocks. 

. do . 

Gallons. 

1,000 

9) ;  rises  33  feet. 

Brackish,  alkaline, 
copious. 

Do . 

Tower  City . 

Blanchard  and  vicinity  (six  wells) . . 

.  do  . 

Do . 

Wells  west  of  the  Dakotas. 


Location. 

Depth. 

Strata  penetrated. 

Water  supply. 

Feet. 

Laramie  or  Box  Hills . 

Not  [lowing. 

200  gallons  per  min. 

Miles  City  (fourteen  wells) . 

180-550 

1,000 

Laramie  (?) . 

160 

River  gravels . 

Wells  of  Nebraska. 


Geological  horizon. 

Location. 

Depth. 

Delivery. 

Remarks. 

Dakota . 

St.  Helena,  Cedar  County  . . . 
f  Omaha,  Douglas  County  .... 
Lincoln,  Lancaster  County . . 

Brownville,  Nemaha  County. 

Feet. 

466 

750 

985 

1,001 

1,200 

Copious. 
Good  . . . 
Copious. 

Pure. 

Do. 

(1)  Brine  from  244'  (Dakota) 

cased  off.  Mineral  from 
544'  Carboniferous. 

(2)  No  other  data. 

(3)  No  flow. 

Carboniferous . 
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Wells  of  Kansas. 


u. 

4) 


aa5 


Geological  horizon. 


Location. 


Tertiary 

Do.. 

Do.. 

Do.. 


Edward’s  well,  Meade  Co . . 

. do . 

. do . 

Mart’s  well,  Meade  County . 


Feet. 

155 

165 

185 

140 


In. 


Galls. 
36  '00 
32'4 
29-6 
66  -6 


Do . 

Do . 

Do . 

Do . 

Do . 

Tertiary  ? . 

Do . 

Dakota . 


Bower’s  well,  Meade  Co  . .  125 

Norman’s  well,  Meade  Co . .  127 


Cox  well,  Meade  County . . . 

. do . . 

60  other  wells,  Meade  Co.. . 
Norton.  Norton  County  . . . 
Hoxie,  Sheridan  County . . . 
Smith  Centre,  Smith  Co  . . . 


175 

142 

50-175 


37-3 

37-3 

9 

9 

1-30 


Do 

Do 

Do 

Do 

Do 


Great  Spirit  Spring,  Mitch¬ 
ell  County. 

Miltonvale,  Cloud  County . . 

Wa  Keeney,  Trego  Co . 

Hays  City,  Ellis  County.. . . 
Great  Bend,  Barton  Co  ... . 


344 


6'75 


Do 

Do 

Do 

Do 

Do 


Kinsley,  Edwards  County . 
Dodge  City,  Ford  County . 
Santa  F6,  Haskell  County. 
Ulysse  •,  Grant  County. . . . 
Opera  House,  Coolidge, 
Hamilton  County. 


239 


45 


Do 


Peck’s  well,  Coolidge, 
Hamilton  County. 


298 


6  100 


Do 


Border’s  well,  near  Cool¬ 
idge,  Hamilton  County. 


200 


8 


Remarks. 


Pure. 

Do. 

Do. 

Do. 

I  Pure;  waters  rise  15-20  feet 

-,  above  surface.  Tempera - 

(  ture  Meade  Co.  wells  60°  F. 

Pure. 

Do. 

Do. 

|  No  data:  may  be  Dakota; 

j  depends  on  depth. 

No  data;  may  be  Tertiary; 
depends  on  depth. 

Natural  artesian  flow. 

No  data  as  to  water. 

Do. 

Do. 

Saline ;  well  bored  to  1,400 
feet,  but  water  from  344 
feet ;  rises  30  feet  above 
surface. 

No  data  as  to  water. 

Do. 

Do. 

Do. 

Pure;  water  rises  15-20  feet 
above  surface ;  now  choked 
owing  to  opera  house  Are. 
Temperature  61°  F. 

Pure  and  medicinal;  water 
rises  15-20  feet  above  sur¬ 
face;  medicinal  properties 
slight.  Temperature  61°  F. 

Pure;  water  rises  15-20  feet 
above  surface  ;  used  for 
irrigation.  Temperature 


Do. 

Do. 

Do, 

Do. 

Do. 

Triassic 


Do 


Carboniferous 
Do . 


Burt’s  well,  near  Coolidge, 
Hamilton  County. 
Nolan’s  well,  near  Cool¬ 
idge,  Hamilton  County. 
Rich’s  well,  near  Coolidge, 
Hamilton  County. 
Syracuse,  Hamilton  Co ... . 


275 

240 

240 

1,000 


Ashland,  Clark  County _ 

Richfield,  Morton  County. . 


600 


Earned,  Pawnee  County. . . 

Russell,  Russell  County .... 
Winfield,  Cowley  County  . . 


750 

977 

1,200 


35 

53 

50 


6'3 


250 


Good . 
.  .do 


61°  F. 

Do. 

Do. 

Do. 

Water  rose  only  to  90  feet 
below  surface. 

No  data  as  to  water. 

Pure  and  medicinal;  miner¬ 
alization  slight.  Temper¬ 
ature  66°  F.  Dakota  fur¬ 
nished  no  flow;  penetrated 
Trias  265  feet;  water  from 
570  feet. 

Saline  and  medicinal;  water 
spouts  10-15  feet  high. 
Temperature  65°  F. 

Saline;  may  be  Triassic. 

Saline;  rises  6  feet  above 
surface. 
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Wells  of  Texas. 


Geological  hori¬ 
zon. 

Location. 

Depth. 

Caliber. 

Delivery. 

Remarks. 

Feet. 

In. 

Tertiary . 

Carrizo  Springs,  Dimmit  Co 

175 

4 

Good 

Pure. 

Lower  Cretaceous 

Cotulla,  La  Salle  County . . . 

1,008 

. .  do  . . 

(probably  Da- 

6  ft. ;  water  alkaline-saline. 

kota). 

Temperature  86°  Fah. 

Do . 

San  Antonio,  Bexar  County 

225 

.do  . . 

Do . 

San  Antonio  (near),  Bexar 

450 

.  do  . . 

County. 

used  for  medicinal  pur- 

J)o . 

Dallas,  Dallas  County . 

750 

poses. 

Do . 

Fort  Worth,  Tarrant  Co  . . . 

350 

. . do  . . 

Do 

Do . 

Weatherford, Parker  Co. . . 

No  data  as  to  water. 

Do . 

Canadian,  Hemphill  Co ... . 

Do . 

Tascosa.  Oldham  County. . 

Do . 

Armstrong,  Armstrong  Co . 

Do . 

Mobeetie,  Wheeler  County. 

Do . 

Clarendon.  Donley  County. 

Do . 

Childress  County . 

Do . 

Cottle  County . 

Do . . 

Floyd  County . 

Do . 

Margaret,  Hardman  Co .... 

Do . 

Crosby  County  . 

Do . 

Pepper’s  Ranch,  Kent  Co. . 

Do  . 

Haskell,  Haskell  County. . . 

Do . 

Anson,  Jones  County  ...... 

Do . 

Roby,  Fisher  County  .... 

Do . 

Snyder,  Scurry  County  .... 

Do . 

Dawson  County  . " . 

Do . 

Trent,  Taylor  County . 

Do . 

Sweetwater,  Nolan  County. 

Do . 

Colorado,  Mitchell  County. 

Do . 

Big  Springs,  tioward  Co  . . 

Do . 

Marienfeld,  Martin  County. 

Do . 

Midland,  Midland  County". . 

Do 

Glasscock  County . 

Do . 

Coke  County . 

Do . 

San  Angelo,  Tom  Green  Co . 

Do . 

Centralia, Tom  Green  Co. . . 

Do . 

Aroya,  Ward  County . 

Do . 

Toyah ,  Reeves  County . 

Do . 

Wild  Horse,  ElPaso County 

Carboniferous .... 

Wichita  Falls,  Wichita  Co ". 

Do . 

Archer,  Archer  County .... 

Do . 

Henrietta,  Clay  County. . . . 

Do . 

Montague,  Montague  Co . . . 

Do . 

Throckmorton,  Throck- 

morton  County. 

Do . 

Jacksborough,  Jack  Co. . . . 

Do . 

Palo  Pinto,  Palo  Pinto  Co. . 

Do . 

...  .do . 

Do . 

Albany,  Shackleford  Co  . . . 

Do . 

Abilene,  Taylor  County. . . . 

Do . 

Tebo, Taylor  County. ...... 

Do . 

Baird,  Callahan  County. . . . 

Do . 

Eastland,  Eastland  County. 

Do . 

Eastland  County . ". . 

Do . 

. . . .do . 

Do . 

Stephenville,  Erath  Co . 

Do . 

Comanche,  Comanche  Co . . 

Do . 

Coleman,  Coleman  Co . 

Do . 

....  do . 

Do  . . 

Runnells,  Runnells  Co . 

Do . 

San  Saba.  San  Saba  Co  ... . 

Dakota  sandstone. — As  already  stated,  this  sandstone  is  the  most  important  source 
of  artesian  water  in  the  region  of  the  Great  Plains.  It  is  believed  that  it  has 
greater  importance  as  a  storehouse  of  water  for  irrigation  than  all  of  the  other 
formations  of  the  same  region  from  which  it  is  possible  to  derive  supply  by  artesian 
wells.  Its  discussion  and  investigation  must  constitute  the  chief  part  of  the  dis¬ 
cussion  and  investigation  of  the  artesian  problems  of  the  Great  Plains. 
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The  formations  of  the  northern  part  of  the  plains  were  early  investigated  by  Dr. 
F.  V.  Hayden,  who  gives  the  following  section: 


Name. 

Character  of  strata. 

Thickness. 

Loup  River  bed . 

White  River  group . 

Fine  loose  sand,  with  some  layers  of  limestone  . 

White  and  light  drab  clays,  with  some  cavities  of  sand¬ 
stone  and  local  layers  of  limestone. 

Feet. 

300-A00 

1,000 

Wind  River  deposits . 

Exposed  principally  in  Nebraska . 

1,500-2; 000 
2,000-10,000 

“Fort  Union,”  Laramie. 

Sandstone  with  shale . 

Fox  Hill . 

Gray  ferruginous  and  yellow  sandstone  and  arenaceous 
clays. 

'500 

Fort  Pierre . 

Dark  gray  plastic  clays  above;  dark  beds  of  very  fine 
unctuous  clay,  containing  much  carbonaceous  matter 
with  veins  and  seams  of  gypsum,  efc.,  below. 

700 

Niobrara . 

Lead  gray  calcareous  marls  above;  light  yellowish  and 
whitish  limestones  below. 

200 

Fort  Benton . . . 

Dark  gray  laminated  clays,  sometimes  alternating  near 
the  upper  part  with  layers  of  light  gray  limestone. 

800 

Dakota . 

Yellowish,  reddish,  and  occasionally  white  sandstone 
with  alternations  of  various  colored  clays  and  beds  of 
lignite. 

400 

From  this  section  it  appears  that  the  sandstone  has  such  depth  as  to  constitute  it  a 
large  reservoir,  and  that  it  is  covered  by  deep  deposits  of  clay  or  clay -shale  admi¬ 
rably  calculated  to  prevent  the  escape  of  the  water.  Farther  south  the  data  in  regard 
to  its  thickness  are  less  precise,  but  there  is  reason  to  believe  that  it  underlies  a  very 
large  portion  of  the  plains  from  the  Canadian  boundary  to  Mexico  and  from  the 
foothills  of  the  Rocky  Mountains  eastward  to  near  the  eastern  border  of  the  Dako¬ 
tas  and  Nebraska  and  to  the  middle  of  Kansas  and  Indian  Territory.  In  Texas  it 
probably  extends  still  farther  eastward,  but  is  divided  by  erosion  midway.  In  North 
and  South  Dakota  its  eastern  margin  is  concealed  beneath  Pleistocene  deposits,  but 
it  is  believed  to  terminate  against  the  older  rocks  of  that  region  and  to  be  over¬ 
lapped  by  the  clay  of  the  Cretaceous  in  such  a  way  as  to  prevent  the  rapid  escape 
of  water  from  its  margin.  In  Nebraska,  Kansas,  and  Indian  Territory  it  reaches 
the  surface  along  its  eastern  margin.  In  Texas  these  relations  are  not  well  known. 

Its  water  supply  is  received  along  the  foot  of  the  Rocky  Mountains,  where  it 
exhibits  a  nearly  continuous  outcrop.  It  is  believed  that  there  is  a  continuous  dis¬ 
charge  from  its  eastern  margin,  at  least  where  that  margin  is  not  protected  by  heavy 
deposits  of  Upper  Cretaceous  clays.  It  therefore  constitutes  what  has  been  styled 
an  imperfect  reservoir,  but  the  conditions  for  artesian  flow  are  more  favorable  in 
the  Dakotas  than  in  the  States  immediately  south,  and  it  is  not  improbable  that 
they  are  again  favorable  in  some  parts  of  Texas.  The  above  tables  show  that  the 
wells  of  the  James  River  Valley  exhibit  higher  pressure  and  a  greater  discharge  than 
those  of  Nebraska  and  Kansas,  where  the  eastern  outcrop  is  uncovered,  and  further 
indication  of  the  eastward  movement  of  its  water  is  found  in  the  fact  that  the 
hydraulic  head,  as  measured  in  the  Dakotas,  rises  from  east  to  west.  The  hydraulic 
head,  or  the  height  to  which  a  column  of  water  would  rise  under  the  static  press¬ 
ure,  is  1,948  feet  at  Highmore,  1,876  feet  at  Miller,  and  1,678  feet  at  Huron,  reckon¬ 
ing  in  each  case  from  sea-level.  From  Highmore  to  Huron  the  distance  is  62  miles, 
giving  an  average  fall  of  4J  feet  per  mile. 

The  sandstone  reaches  the  surface  at  the  west  by  an  upward  curve,  and  thus  pre¬ 
sents  but  a  narrow  belt  of  exposed  surface.  This  belt  is  estimated  to  occupy  an 
average  width  of  about  800  feet  for  the  region  from  Colorado  to  the  northern  bound¬ 
ary,  and  not  enough  is  known  of  the  border  of  the  formation  south  of  Colorado  to 
form  an  estimate.  The  outcropping  edge  pursues  a  sinuous  course  and  thereby 
increases  the  exposed  area.  Taking  this  into  account,  the  feeding  ground  for  the 
reservoir  is  estimated  as  the  equivalent  of  a  belt  one-third  of  a  mile  wide  from  the 
northern  to  the  southern  boundary  of  the  United  States.  If  the  rainfall  of  this  belt 
11  GEOL.,  PT.  2 - 18 
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be  taken  at  15  inches,  and  one-half  of  this  be  estimated  as  lost  by  running  away 
from  the  surface  and  by  evaporation,  the  remainder  that  goes  into  the  sandstone,  if 
it  could  all  be  brought  up  again  by  artesian  wells,  would  cover  a  belt  one-fifth  of  a 
mile  wide  from  boundary  to  boundary  with  12  inches  of  water.  This  may  be 
regarded  as  the  outside  limit  of  the  permanent  water  supply  derivable  from  the 
sandstone. 

In  order  to  estimate  the  land  which  may  be  irrigated  let  us  assume  that  but  half  of 
this  supply  escapes  at  the  eastern  edge  of  the  formation;  that  the  other  half  can  all 
lie  brought  to  the  surface  through  wells;  that  all  the  water  flowing  from  the  wells 
through  the  year  can  be  stored  without  waste  and  applied  to  crops  in  the  season  of 
their  growth,  and  that  6  inches  of  water  will  suffice  to  nourish  the  crops.  We  then 
have  as  the  limiting  area  which  can  perpetually  be  served  by  the  artesian  water 
from  the  Dakota  sandstone  the  equivalent  of  a  belt  one-fifth  of  a  mile  wide  and 
extending  from  boundary  to  boundary,  or  about  175,000  acres. 

But  the  permanent  supply  is  not  all  which  can  be  drawn  from  the  Dakota  sand¬ 
stone.  There  is  an  accumulated  store  of  water  competent  to  produce  a  temporary 
flow  of  importance.  This  is  indicated  by  the  phenomenal  flow  of  some  of  the  wells 
of  the  James  River  Valley.  The  wells  already  sunk  here  and  there  over  the  valley 
furnish  nearly  half  as  much  water  as  is  annually  received  by  the  outcrop  of  the  for¬ 
mation  along  the  Rocky  Mountains  west  of  the  Dakotas,  and  there  can  be  no  ques¬ 
tion  that  the  flow  in  this  valley  can  be  increased  several  times  by  boring  additional 
wells  at  points  properly  distributed  and  selected.  The  yield  of  such  wells  in  excess 
of  the  permanent  supply  must  draw  upon  an  exhaustible  store,  and  must,  therefore, 
be  only  temporary,  but  it  may  nevertheless  prove  sufficient  to  compensate  for  the 
outlay,  at  least  if  the  number  of  wells  bored  be  not  excessive.  The  determination 
of  the  quantity  of  water  thus  temporarily  available  is  a  problem  for  the  geologist  and 
the  engineer.  The  geologist  can  ascertain  the  extent,  thickness,  and  porosity  of 
that  portion  of  the  Dakota  sandstone  which  lies  sufficiently  above  the  level  of  the 
James  River  Valley  and  is  otherwise  related  to  it  so  as  to  afford  a  reservoir  deliver¬ 
ing  water  under  pressure;  the  engineer  can  carefully  measure  the  static  pressure 
and  the  volume  of  existing  and  new  wells  from  time  to  time,  and  thus  get  the  data 
for  estimating  the  rate  at  which  the  supply  is  diminishing.  When  this  has  been 
done  it  will  be  possible  to  give  intelligent  advice  as  to  the  exploitation  of  the  forma¬ 
tion  in  that  region  for  purposes  of  irrigation. 

The  general  character  of  the  geologic  data  can  be  indicated  by  the  information 
already  at  hand,  but  the  result  is  necessarily  very  crude.  At  its  outcrop  along 
the  foot  of  the  Rocky  Mountains  and  about  the  circumference  of  the  Black  Hills 
the  Dakota  sandstone  dips  steeply  beneath  other  rocks,  and  it  is  deemed  probable 
that  at  all  points  it  passes  below  the  level  of  the  James  River  Valley  within  3  miles 
of  the  outcrop.  This  gives  as  the  -maximum  possible  extent  of  efficient  reservoir 
lying  west  of  the  Dakotas  1,200  square  miles.  Assuming  the  average  thickness  of 
the  sandstone  as  400  feet,  and  that  the  interstices  filled  with  water  constitute  one- 
tenth  of  its  volume,  we  have  stored  a  body  of  water  equivalent  to  a  lake  1,200 
square  miles  in  area  and  40  feet  deep.  Such  a  maximum  could  only  be  attained  if 
the  reservoir  was  of  the  perfect  type,  and  in  that  case  the  static  pressure  at  Huron 
in  the  James  River  Valley  would  be  about  850  pounds  to  the  square  inch.  As  a 
matter  of  observation  it  is  only  170  pounds  to  the  square  inch,  and  we  are  thus 
informed  that  the  reservoir  of  water  has  a  volume  far  below  the  possible  maximum. 
If,  in  view  of  this  consideration,  we  reduce  our  estimate  75  per  cent,  we  still  have 
a  most  important  body  of  water — a  body  competent  to  serve,  with  a  layer  6  inches 
deep,  24,000  square  miles  of  land  for  one  year,  or  1,000  square  miles  for  twenty- 
four  years.  The  assumption  that  the  feeding  ground  for  the  artesian  water  to  be 
raised  in  the  Dakotas  is  limited  by  the  same  parallels  of  latitude  which  limit  the 
Dakotas  is  arbitrary  and  crude.  If  the  Dakota  sandstone  is  a  continuous  forma- 
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tion,  then  a  portion  of  the  supply  thus  derived  must  be  drawn  off  through  Nebraska 
at  the  exposed  edge  in  the  eastern  part  of  that  State,  where  it  is  probable  that  the 
water  finds  free  escape.  On  the  other  hand  it  is  possible  that  the  Dakotas  may 
draw  from  the  sandstone  water  supplied  to  it  beyond  our  northern  boundary;  while 
it  is  equally  possible  that  a  portion  of  the  water  absorbed  along  the  outcrop  of  the 
formation  in  Montana  flows  northward  rather  than  eastward,  so  as  to  contribute 
to  the  artesian  supply  of  our  Canadian  neighbors. 

The  moderate  yield  of  artesian  wells  penetrating  the  Dakota  sandstone  in  Ne¬ 
braska  and  Kansas  does  not  warrant  the  belief  that  an  accumulated  store  of  water 
is  there  drawn  from,  and  full  data  in  regard  to  Texas  wells  are  not  yet  at  hand. 

SUMMARY  AND  CONCLUSIONS. 

It  has  been  shown  that  the  supply  of  water  to  be  obtained  through  artesian  wells 
is  narrowly  limited,  the  limitation  arising  from  natural  conditions  of  reception  by 
reservoirs,  transmission  through  them,  and  leakage  from  them,  and  being  expressed 
practically  through  the  interference  of  wells  one  with  another.  The  permanent 
flow  is  in  some  cases  much  less  than  the  initial  flow. 

Owing  to  the  cost  of  well  boring  it  is  not  economic  to  bore  wells  for  the  purpose 
of  reclaiming  land  by  artesian  water  unless  the  flow  obtained  exceeds  a  certain 
minimum.  The  economic  limit  is  quickly  reached  in  any  district  upon  the  multi¬ 
plication  of  wells,  and  unless  well  systems  are  wisely  planned  there  is  great  danger 
that  the  economic  limit  will  be  exceeded,  and  especially  that  new  wells  at  lower 
levels  will  have  the  effect  of  destroying  wells  previously  sunk  at  higher  levels. 
Disappointment  is  also  incurred  when  the  temporary  flow  resulting  from  antece¬ 
dent  storage  is  mistaken  for  permanent  flow.  For  these  reasons  exploitation  with 
a  drill  should  be  guided  by  the  results  of  surveys — geologic  surveys  to  determine 
the  stratigraphy  and  geologic  structure,  and  engineering  surveys  to  determine  the 
limitation  of  discovered  reservoirs.  While  the  Dakota  sandstone  is  one  of  the  most 
important  of  the  known  artesian  reservoirs,  the  amount  of  land  which  can  be 
redeemed  to  agriculture  through  its  aid  is  yet  so  small  that  disastrous  results  might 
follow  if  great  expectations  were  aroused  in  regard  to  it. 

It  is  estimated  that  if  all  the  water  received  by  the  Dakota  sandstone  could  be 
brought  to  the  surface  by  artesian  wells  it  would  cover  to  the  depth  of  1  foot  an 
area  of  land  equivalent,  at  the  utmost,  to  a  belt  one-fifth  of  a  mile  wide  and  extend¬ 
ing  from  the  Canadian  boundary  to  the  Mexican. 

This  is  the  outside  limit  for  permanent  flow.  The  temporary  flow  may  be  large, 
but  can  not  be  estimated  from  existing  data.  Such  is  the  complexity  of  conditions, 
and  so  great  is  the  danger  of  disaster  through  expensive  exploitation  in  ignorance 
of  the  true  conditions  that  the  subject  demands  the  most  skillful  investigation 
which  can  be  bestowed. 

Mr.  Chairman,  I  have  laid  before  you  somewhat  fully  this  question  of  artesian 
wells,  because  the  people  from  time  to  time  in  the  United  States  have  sought  to 
obtain  waters  for  irrigation  on  the  Great  Plains  from  this  source.  Many  years  ago 
Captain  (afterwards  General)  Pope,  of  the  Army,  attempted  to  discover  artesian 
waters  on  the  Staked  Plains,  and  he  commanded  a  military  expedition  to  the  coun¬ 
try  and  bored  for  water,  but  he  failed  to  find  it.  Some  years  ago  appropriations 
were  made  by  Congress  to  have  artesian  wells  sunk  in  Colorado  and  Wyoming,  and 
the  work  was  continued  for  two  years  under  the  direction  of  the  Agricultural  De¬ 
partment.  I  believe  that  altogether  $50,000  was  expended,  but  no  artesian  waters 
were  discovered.  Still  the  people,  now  here,  now  there,  from  time  to  time,  hope  to 
obtain  an  artesian  water  supply  sufficient  for  agriculture  ;  and  believing  that  this 
supply  must  always  be  inadequate,  I  have  presented  my  views  of  the  matter  some¬ 
what  in  full.  It  is  manifest  that  the  people  of  that  region  must  resort  in  times  of 
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need  to  irrigation,  and  the  question  arises,  Is  there  an  adequate  source  of  supply  to 
meet  their  wants  ?  I  think  the  answer  to  this  question  is  plain.  There  are  sup¬ 
plies  which  can  be  used,  and  the  attention  of  the  people  should  be  called  to  them. 
A  very  small  supply  can  be  obtained  from  artesian  wells,  as  I  have  shown ;  but 
there  are  other  sources  of  vastly  more  importance,  and  I  wish  to  point  them  out. 

I  shall  call  your  attention  next  to  the  use  of  pump-wells  for  irrigation.  This 
source  is  far  greater  than  that  of  overflowing  wells.  The  valley  sands  in  all  the 
region  of  the  plains  where  irrigation  is  necessary  are  great  reservoirs  of  water.  I 
mean  that  not  only  the  sands  of  the  valleys  where  great  rivers  run  but  the  sands 
which  accumulate  in  all  the  small  valleys  are  storehouses  of  water.  The  experi¬ 
ence  of  mankind  shows  that  this  supply  is  worthy  of  consideration.  There  is  one 
district  in  India  where  400,000  wells  draw  water  from  such  reservoirs,  and  by  them 
an  area  of  more  than  1,250,000  acres  is  irrigated.  This,  then,  is  a  supply  of  some 
real  importance  that  ought  not  to  be  neglected.  The  wells  which  can  be  sunk  in 
the  sands  along  the  great  river  valleys  are  exceedingly  important,  and  the  waters 
can  be  pumped  from  them  at  a  comparatively  small  expense.  The  sinking  of  the 
well  itself  costs  but  a  trifle  and  the  pumping  is  done  with  great  economy.  A  pump 
which  will  irrigate  one  or  two  hundred  acres  of  land  will  cost  but  $200  or  $300,  and 
they  are  now  constructed  so  simply  that  they  can  be  operated  with  little  expense 
and  at  little  cost  for  fuel  to  produce  the  necessary  power.  These  wells  are  being 
rapidly  developed  in  some  parts  of  the  country,  not  only  on  the  Great  Plains  but 
in  Arizona  and  elsewhere.  If  the  attention  of  the  people  of  the  sub-humid  region 
is  called  to  this  source  of  supply  some  good  may  be  done  and  valuable  results  may 
be  accomplished. 

But  yet  pump- wells  do  not  constitute  the  chief  source  of  supply,  nor  are  they  the 
most  economic.  Irrigation  in  this  sub-humid  region  will  ultimately  be  practiced  in 
the  main  by  the  construction  of  storm-water  reservoirs,  or  ‘‘tanks,”  as  they  are 
usually  called.  Little  valleys  or  ravines  in  the  hills  are  dammed,  and  tanks  are 
constructed  in  this  manner,  to  be  filled  with  water  which  is  held  in  ponds  or  small 
artificial  lakes  to  be  poured  over  the  lands  below  for  their  fertilization  in  times  of 
need.  Much  more  than  one-half  of  the  lands  of  the  world  are  dependent  upon 
irrigation,  and  of  this  amount  I  estimate  that  about  one-third  is  dependent  upon 
the  utilization  of  storm-waters  in  this  manner.  It  is  the  great  source  of  supply, 
and  to  it  the  farmers  of  the  sub-humid  region  should  be  directed. 

I  have  brought,  to  place  before  you,  a  little  map  of  a  district  of  country  in  India 
similarly  situated  on  a  plain,  where  the  people  irrigate  a  vast  extent  of  country,  to 
show  you  how  they  store  the  storm-waters  in  that  region.  The  little  valleys  are 
well  situated  for  the  storage  of  storm-waters,  and  they  build  dams  across  them  and 
across  the  running  streams,  where  there  are  small  streams,  and  store  the  water  in 
what  they  call  tanks.  The  sub-humid  country,  from  the  British  line  to  the  Mexi¬ 
can  line,  along  the  one  hundredth  meridian  and  eastward,  will  ultimately  have  to 
depend  for  irrigation  chiefly  upon  the  storage  of  storm-waters,  and  these  can  be 
stored  with  economy.  You  can  get  an  acre-foot  of  water  by  storing  the  storm¬ 
waters  very  much  cheaper  than  by  getting  it  from  artesian  wells,  for  which  you 
have  to  bore  300  or  400  feet ;  so  that  the  general  resource  of  water  is  from  the  stor¬ 
age  of  storm-waters.  That  is  true  not  only  in  theory  but  is  abundantly  shown  by 
the  experience  of  mankind  throughout  the  world.  In  New  South  Wales  $27,000,000 
have  been  expended  for  the  construction  of  tanks  for  the  storage  of  storm-waters. 

The  Chairman.  While  on  the  tank  system  I  want  to  ask  you  a  question.  This 
Missouri  River  here — from  a  point  about  here,  I  think  it  is,  to  this  point  here — has 
nearly  1 ,000  feet  fall  ? 

Maj.  Powell.  Yes. 

The  Chairman.  There  is  a  splendid  opportunity,  it  seems  to  me,  to  establish  a 
tank  system  through  this  country  here  in  this  region  and  obtain  the  torrential  flow 
from  that  river,  and  thus  relieve  the  Lower  Mississippi  from  floods. 
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Maj.  Powell.  I  am  going  to  speak  of  this  other  source.  Across  the  plains  in 
this  sub-humid  district  some  great  rivers  flow,  and  a  portion  of  these  rivers  can 
probably  be  used  in  the  region  under  consideration,  but  not  all  of  them.  It  is  my 
opinion  that  the  South  Platte  will  ultimately  be  all  used  in  the  arid  region  of  Colo¬ 
rado.  The  Arkansas  will  also  be  used  in  Colorado  ;  but  I  do  not  believe  that  the 
Missouri  will  ultimately  be  wholly  used  in  the  arid  region.  I  think  a  part,  and  a 
very  considerable  part,  can  be  used  in  the  sub-humid  region  of  which  we  are  now 
speaking,  and  that  North  and  South  Dakota  will  ultimately  be  benefited  thereby 
to  a  large  extent.  It  seems  probable  that  the  waters  of  the  Missouri  can  be  taken 
out  at  the  great  bend.  Here  it  is  on  the  map,  Mr.  Chairman. 

Mr.  Herbert.  About  how  much  is  it  above  the  sea  level  in  that  arid  country 
there  ? 

Maj.  Powell.  Speaking  from  memory,  I  should  say  it  is  about  2,700  feet. 

The  Chairman.  I  think  it  is  1,500  feet  at  Devil’s  Lake. 

Maj.  Powell.  Yes,  that  country  is  lower. 

The  Chairman.  That  is  lower  than  the  big  bend  of  the  Missouri. 

Maj.  Powell.  We  now  believe  that  the  lands  in  here  can  be  covered  if  we  can 
get  across  or  through  the  divide.  It  is  so  narrow  we  think  it  can  be  cut,  but  that 
has  not  y  et  been  determined  with  certainty.  All  the  water  of  the  Missouri  must  be 
taken  out  on  the  east  side,  and  for  400  or  500  miles  the  water  can  not  be  taken  out 
because  it  runs  in  a  deep  canyon.  So  the  large  body  of  water  must  be  taken  out 
below,  in  the  Dakotas,  or  wasted.  That  much  we  know. 

Mr.  Pickler.  Is  not  the  artesian  supply  the  same  as  that  running  in  the  bed  of 
the  river? 

Maj.  Powell.  We  do  not  understand  that  the  artesian  supply  comes  from  the 
river. 

Mr.  Pickler.  You  stated  awhile  ago  that  it  extended  from  the  British  line.  Then 
it  must  be  supplied  from  the  meltings  of  the  snows  from  the  mountains,  just  as  the 
Missouri  River. 

Maj.  Powell.  From  rains  and  snows  on  the  foothills.  The  area  of  supply,  so 
far  as  we  know — and  we  know  it  for  many  miles  along  the  hills — the  catchment 
area,  is  on  an  average  not  more  than  one-third  of  a  mile  in  width  of  exposed  surface. 
That  is  the  edge  turned  up  along  the  hills. 

Mr.  Pickler.  Now,  for  instance,  your  theory  is  this  water  is  coming  from  the 
Black  Hills. 

Maj.  Powell.  Running  from  the  west,  as  the  Missouri  River. 

Mr.  Pickler.  Where  does  that  come  from  ? 

Maj.  Powell.  The  same  way;  from  the  west,  but  far  back  in  the  mountains. 

Mr.  Pickler.  What  is  the  general  direction  of  that  subterranean  flow  ? 

Maj.  Powell.  Eastward. 

Mr.  PickleR.  This  is  the  question  I  asked  :  Whether  or  not  this  flow  of  subter¬ 
ranean  water  is  as  constant  as  the  flow  in  the  bed  of  the  river  ? 

Maj.  Powell.  There  is  no  doubt  of  it  at  all.  This  Dakota  sandstone  supplies 
it  perennially  just  the  same  way. 

Mr.  Pickler.  Is  it  not  your  theory  that  this  is  an  underlying  sea  of  water  from 
the  British  possessions  to  Texas? 

Maj.  Powell.  No,  sir;  I  believe  it  to  be  a  slow  flow  ^through  a  permeable  sand¬ 
stone  which  carries  the  water. 

The  Chairman.  Has  any  survey  been  made  to  determine  the  extent  of  the  arte¬ 
sian  basins  whatever? 

Maj.  Powell.  We  know  this  one  pretty  well  now,  but  I  am  in  hopes  of  finding 
more. 

Mr.  Pickler.  Right  south  of  your  finger  is  the  greatest  well  in  Dakota. 

The  Chairman.  What  is  the  depth  of  that  well  ? 

Mr.  Pickler.  Seven  hundred  and  some  odd  feet. 
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The  Chairman.  At  this  point  here  we  have  a  well  1,500  feet,  which  has  a  great 
quantity  of  water.  Here  there  is  a  well  of  1,400  feet.  Here  is  one  of  1,300  feet. 

Mr.  Pickler.  At  Faulkton,  Faulk  County,  where  I  live,  there  is  a  good  well, 
opened  recently. 

The  Chairman.  What  is  the  flow  ? 

Maj.  Powell.  It  is  not  as  much  as  some  of  the  others. 

Mr.  Hatch.  Where  is  that  tremendous  flow  ? 

The  Chairman.  At  Woonsocket. 

Mr.  Hatch.  Mr.  Chairman,  it  is  12  o’clock,  and  there  is  a  special  order  of  the 
House,  and  the  House  has  been  in  session  since  11  o’clock. 

Thereupon  the  committee  adjourned. 


Select  Committee  on  Irrigation, 

Thursday,  April  17,  1890. 

The  committee  met  pursuant  to  adjournment,  Mr.  Hansbrough  in  the  chair. 

STATEMENT  OF  MAJ.  J.  W.  POWELL — Continued. 

Maj.  Powell  said: 

Mr.  Chairman  and  gentlemen  of  the  committee,  I  want  this  morning  to  lay  before 
you  the  operations  of  the  Irrigation  Survey,  explaining  what  has  been  done  up  to 
the  present  time,  and  the  plan  and  purposes  of  the  work. 

The  first  appropriation  made  for  the  survey  was  on  October  2,  1888,  being  $100,- 
000.  The  second  appropriation,  made  for  the  present  fiscal  year  (which  will  be 
expended  by  the  close  of  the  year),  was  $250,000;  making  in  all  an  appropriation 
for  the  two  years  of  $350,000. 

The  work  of  the  survey  is  divided  into  three  parts.  I  shall  take  these  parts  up 
in  order,  and  try  to  show  the  relation  of  the  parts  or  branches  of  the  work  and  the 
outcome  of  the  work. 

The  statute  provides  that  the  survey  shall  determine  the  extent  to  which  the  arid 
lands  can  be  redeemed  by  irrigation.  That  is  the  first  provision  of  the  statute. 
The  next  provides  that  reservoir  sites  shall  be  selected  and  withdrawn  from  the 
market;  that  canal  sites  also  shall  be  selected  and  withdrawn  from  the  market. 
These  canals  are  of  two  classes,  those  which  carry  the  water  from  streams  to  reser- 
Voirs_the  reservoirs  in  general  are  not  put  on  the  streaihs  themselves,  as  will  appear 
further  on  in  my  remarks— and  those  that  deliver  the  waters  from  the  reservoirs  to 
the  lands.  So  we  have  to  discover  two  classes  of  canal  sites,  diverting  canals — 
canals  by  which  water  is  diverted  from  streams  to  reservoirs — and  canals  from  the 
reservoirs  to  the  irrigable  lands;  and  such  canal  sites  and  head-work  sites  or  dam 
sites  and  reservoirs  are  nominated  in  the  statute.  The  next  provision  of  the  statute 
“is  that  the  irrigable  land  shall  also  be  selected,  and  that  all  land  susceptible  of  irri¬ 
gation  under  the  works  planned  shall  be  withdrawn  from  the  market  except  under 
the  homestead  act.  The  President  may  restore  at  any  time  all  of  this  irrigable  land 
to  the  provisions  of  the  homestead  act. 

But  the  statute  practically  provides  that  they  shall  be  withdrawn  from  the  oper¬ 
ations  of  the  desert-land  act,  the  pre-emption  act,  and  the  timber-culture  act,  but 
restored  the  lands  to  sale  under  the  homestead  act.  Again,  the  statute  provides 
that  the  dams,  canals,  and  reservoirs  shall  be  planned,  and  the  cost  thereof  deter¬ 
mined  and  reported  to  Congress.  Substantially  these  are  the  requirements  of  the 
statute. 

In  order  to  do  this  it  becomes  necessary  to  make  a  survey  of  the  country,  first  for 
the  discovery  of  the  points  on  the  streams  where  the  water  can  be  diverted  to  the 
best  advantage.  This  is  exceedingly  variable  along  the  course  of  a  streanj,  there 
being  some  places  where  it  can  be  taken  out  advantageously,  and  other  places  where 


THE  ARID  LANDS. 


279 


it  can  not  be  taken  out  without  great  cost,  and  many  other  places  where  it  can  not 
be  taken  out  at  all.  So  streams  themselves  have  to  be  examined  to  discover  points 
where  diverting  dams  can  be  constructed  and  the  waters  taken  out  and  put  into  the 
reservoirs  and  on  the  lands. 

The  next  thing  is  to  discover  the  reservoir  sites.  Now,  in  every  region  of  country 
which  we  have  examined,  and  of  which  we  have  any  knowledge,  there  are  more 
reservoir  sites  than  are  needed,  but  they  vary  greatly  in  character,  and  many  good 
reservoir  sites  are  not  sites  where  the  water  can  be  stored  cheaply  and  economically, 
and  the  important  point  is  then  to  discover  all  the  reservoir  sites  and  to  make 
selection  of  the  best,  all  things  considered — where  reservoirs  can  be  constructed 
cheapest,  and  where  the  water  can  be  taken  to  them  from  the  streams  with  reason¬ 
able  economy,  and  where  the  water  can  be  taken  from  them  to  the  lands  to  advan¬ 
tage.  Of  course  a  great  many  reservoir  sites  could  be  discovered  on  low  grounds. 
There  is  no  difficulty  in  that;  but  that  is  where  the  water  can  not  be  taken  out  on 
the  lands.  It  goes  without  saying.  But  the  thing  is  to  discover  such  sites  that 
water  from  them  can  be  utilized  on  the  lands  below. 

It  will  be  noticed,  then,  we  first  have  to  make  discovery  of  places  along  the  streams 
to  divert  the  water  and  discover  lines  of  canals  from  reservoir  sites  to  the  lands  them¬ 
selves.  Now,  it  chances  that  the  best  reservoir  sites  are,  in  the  main,  far  away 
from  the  lands.  Whenever  it  is  possible,  water  should  be  stored  high  in  the  moun¬ 
tains,  where  the  evaporation  is  less.  The  evaporation  on  the  plains  and  in  the  low 
valleys  may  be  twice  as  great  as  in  the  mountains.  The  evaporation  in  the  moun¬ 
tains  may  be  3  or  4  feet  annually,  and  may  be  6  or  8  feet  annually  on  the  plains,  and 
the  difference  means  a  great  loss  of  water.  Still,  it  can  not  always  be  stored  above, 
and  when  we  have  discovered  the  principal  sites  above,  we  have  then  to  go  below  into 
the  region  occupied  for  irrigation,  the  region  of  irrigable  lands,  and  to  discover  ad¬ 
ditional  sites  there.  The  waters  stored  in  the  mountains  are  discharged  again  to  the 
channels  of  the  streams,  and  flow  down  the  natural  channels  until  they  are  diverted 
below.  Waters  which  are  stored  in  the  plains  and  valleys  are  taken  out  of  the  natural 
streams  and  stored  there,  and  afterwards  taken  to  the  lands  themselves.  The  prob¬ 
lem,  then,  is  to  discover  all  these  things,  and  having  discovered  them,  to  make  ac¬ 
curate,  comparatively  minute,  surveys  of  the  dam  sites,  reservoir  sites,  and  canal 
sites,  and  of  the  irrigable  lands.  A  general  survey  of  the  entire  country  is  neces¬ 
sary  to  discover  these  things.  A  special  or  specific  survey  is  necessary  after  the  sites 
and  lands  are  selected,  to  report  upon  the  cost  of  the  works.  For  example,  there 
may  be  from  the  river  to  the  reservoir  site  many  ways  to  take  the  water,  and  we 
wish  to  discover  the  best.  There  may  be  many  ways  to  take  the  water  from  the 
reservoirs  to  the  land,  and  we  wish  to  discover  the  best ;  and  having  discovered  the 
best  line,  that  one  line  we  survey  with  greater  care,  as  the  general  survey  is  a  sur¬ 
vey  for  discovery.  This  survey  for  discovery  we  call  a  topographic  survey,  and  its 
purpose  is  for  discovery,  as  I  have  briefly  stated. 

It  serves  a  further  purpose,  which  I  shall  explain  in  this  manner.  In  order  to 
plan  works,  as  the  statute  requires,  and  in  order  to  discover  the  extent  to  which  the 
arid  lands  can  be  redeemed  by  irrigation,  it  becomes  necessary  to  determine  how 
much  water  there  is.  You  can  not  plan  reservoirs  until  you  know  how  much  water 
they  are  to  hold.  You  can  not  plan  canals  until  you  know  how  much  water  they 
are  to  carry.  You  can  not  discover  the  irrigable  lands  and  determine  their  extent 
until  you  know  what  waters  are  to  serve  them.  The  lands  being  in  excess  of  the 
water,  that  is,  there  being  more  land  than  the  water  will  serve,  the  lands  have  to 
be  selected,  and  we  do  not  know  how  to  select  the  lands  until  we  know  how  much 
water  can  be  found  to  be  used  upon  them. 

The  question,  then,  of  measuring  the  waters  is  the  great  problem  to  be  solved,  and 
to  this  problem  I  have  devoted  much  time  and  much  thought  for  many  years.  Fif¬ 
teen  or  sixteen  years  ago  I  prepared  a  map  of  Utah.  I  was  conducting  surveys 
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there,  and  I  prepared  a  map  of  Utah  and  reported  on  irrigation  in  that  Territory, 
anil  on  that  map  I  delineated  the  areas  which  can  be  redeemed  by  irrigation  during 
the  season  of  irrigation  without  storage.  At  that  time  people  were  not  thinking  of 
storage,  and  were  not  resorting  to  storage.  In  order  to  do  that  it  became  necessary 
to  discover  how  much  water  the  streams  would  carry  ;  what  volume  of  water  was 
in  the  several  streams  simply  during  the  season  of  irrigation,  which  lasts  from  sixty 
to  eighty  days  in  Utah.  The  survey  was  not  specifically  for  that  purpose,  but  a 
topographic  survey,  and  we  did  not  stop  to  gauge  the  streams  with  great  care,  but 
to  get  at  some  general  results,  and  we  gauged  in  only  a  rough  manner. 

The  method  of  gauging  streams  has  been  improved  from  time  to  time  since  then, 
until  at  last  we  can  gauge  streams  with  considerable  accuracy,  but  it  is  expensive 
and  takes  a  long  time.  To  gauge  a  stream  we  need  first  to  record  its  rise  and  fall 
during  the  year.  Taking  a  section  of  the  stream,  we  determine  its  rise  and  fall  by 
means  of  a  nilometer,  as  we  call  it,  on  which  is  recorded  automatically  the  rise  and 
fall.  A  float  lifts  an  apparatus  which  makes  a  record  on  a  paper,  which  shows 
how  the  river  rises  and  falls  from  hour  to  hour,  from  day  to  day,  from  month  to 
month,  and  from  year  to  year.  Then  we  make  an  examination  and  survey  of  a 
cross-section  of  the  stream;  we  find  what  the  cross-section  of  the  water  is  during 
each  hour  and  each  day  and  each  year,  but  the  water  may  flow  swiftly  by  or 
slowly  by,  as  the  case  may  be,  and  we  must  know  something  more;  but  to  know 
this  something  more  is  quite  expensive.  We  must  know  the  velocity  of  the  water 
passing  through  the  cross-section.  This  is  measured  with  a  current  gauge.  Then 
the  velocity  varies  from  top  to  bottom  and  from  side  to  center,  and  we  must  know 
the  velocity  of  all  portions  of  the  section.  Then  the  velocity  changes  with  the  rise 
and  fall  of  the  river.  When  the  river  is  low  the  velocity  is  slight,  and  when  the 
river  is  high  the  velocity  is  great,  and  it  becomes  necessary  to  measure  the  velocity 
at  different  stages  of  the  water  from  low  water  to  high  water  with  current  meters. 

We  can  gauge  a  stream  to-day  and  find  its  volume,  but  that  will  give  us  no  clew 
to  its  volume  to-morrow;  so  this  gauging  has  to  be  continued  until  the  maximum 
flow  of  the  stream  is  found,  which  may  occur  once  in  two,  ten,  or  twenty  years,  as 
the  case  may  be.  Then  the  minimum  flow  of  the  stream,  which  may  occur  at  long 
intervals,  must  be  known.  In  order  to  know  what  that  stream  will  carry  from 
year  to  year — the  mean  flow,  the  maximum  flow,  and  the  minimum  Aoav — it  be¬ 
comes  necessary  to  keep  up  the  gauging  for  a  long  term  of  years.  If  we  resort  to 
no  other  method  than  that  which  I  have  described,  on  a  pretty  careful  examination 
of  the  matter  we  find  that  to  plan  these  reservoirs  we  shall  have  to  make  gaugings 
of  this  character  to  determine  the  quantity  of  the  water  at  from  16,000  to  20,000 
places.  I  have  a  map  of  a  little  stream  here — the  Apishapa  River,  in  the  Arkansas 
Basin — giving  the  reservoir  sites,  which  are  marked  in  blue,  and  the  lands  that  can 
be  irrigated,  which  are  marked  in  green.  Here  is  the  catchment  area  in  the  moun¬ 
tains.  Now,  there  are  twenty-two  reservoirs  there  on  this  little  stream.  To  plan 
these  reservoirs  we  must  have  twenty-two  gauging  stations  or  measurements  of  the 
amount  of  water.  Now,  going  over  the  map  of  the  arid  region,  as  we  have  done 
with  some  care  in  the  office,  we  have  found  that  it  will  be  necessary  to  have  some¬ 
where  from  16,000  to  22,000  measurements  of  this  kind,  and  by  the  plan  which  I 
have  given  you  the  measurements  would  extend  over  a  great  length  of  time  and 
would  be  quite  expensive,  varying  in  expense  from  $200  or  $300  to  $2,000  or  $3,000 
each,  and  it  is  believed  it  would  cost  from  $16,000,000  to  $20,000,000  to  make  these 
gaugings  of  the  streams. 

The  Chairman.  Is  this  a  hydrographic  survey  ? 

Maj.  Powell.  Yes,  sir. 

Mr.  Pickler.  Of  the  whole  arid  region  ? 

Maj.  Powell.  Of  the  whole  arid  region  ;  and  the  problem  was  raised  whether 
or  not  it  was  possible  to  adopt  some  cheaper  method.  We  did  devise  a  cheaper 
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method,  and  it  appears  to  be  satisfactory.  I  will  illustrate  what  that  is.  Suppose 
I  wanted  to  find  how  much  water  can  be  caught  on  the  roofs  of  t  he  houses  of 
Washington.  I  could  put  gauges  on  the  gutters  of  each  house  and  measure  the 
flow  from  each  one  of  these  houses  of  the  city  from  day  to  day,  from  month  to 
month,  from  year  to  year,  until  I  discover  the  average  rainfall  and  maximum 
flow  from  each  roof  and  the  maximum  and  the  minimum  annual  flow  from  each 
roof.  Suppose,  instead  of  that,  I  measured  two,  or  three,  or  ten  of  these  about  the 
city,  and  then  measured  the  area  of  all  the  roofs  themselves.  I  could  then  compute 
what  the  flow  would  be  for  all.  But  in  this  matter  catchment  areas  of  lands  are 
not  as  simple  as  catchment  roofs.  It  is  very  complex,  and  these  complex  conditions 
must  be  understood.  If  all  the  rainfall  would  flow  from  the  catchment  basin  then, 
knowing  the  rainfall  and  knowing  the  number  of  square  miles  in  the  area,  we  should 
have  the  amount  of  water  which  would  flow  from  it;  but  the  problem  is  not  so 
simple.  In  a  region  like  that  of  the  Hassayampa  River,  a  map  of  which  I  had 
before  you  one  day,  and  in  many  other  regions  of  country,  a  very  large  portion  of 
the  rainfall  will  flow  away,  for  the  declivities  are  great  and  the  water  is  gathered 
into  the  streams.  If  the  declivities  are  slight  and  the  country  is  level,  or  nearly 
level,  very  little  water  will  flow  away.  In  a  level  country  the  sands  and  gravels 
accumulate,  and  the  rain  water  sinks  into  these  sands  and  gravels  and  evaporates 
and  does  not  gather  in  the  streams,  while  on  the  mountains,  where  the  surface  of 
the  country  has  a  great  deal  of  rock,  the  water  gathers  rapidly  in  the  streams  and 
can  be  used. 

We  might  go  to  a  district  lying  by  the  side  of  the  Hassayampa  district  and  find 
practically  that  all  the  water  would  be  absorbed  by  the  soil  and  evaporated  and 
none  discharged  in  the  streams,  while  in  the  Hassayampa  region  a  very  large  pro¬ 
portion  of  the  water  is  gathered  into  the  streams.  Now,  how  can  we  get  at  the 
amount  of  water  that  is  thus  variable?  Practically  it  is  a  question  of  declivities. 
If  you  increase  the  declivities,  you  diminish  the  amount  of  sand  and  gravel  wluch 
is  disposed  all  along  the  slopes,  and  the  increased  declivities  discharge  the  water 
more  rapidly,  and  the  greater  the  declivity  the  greater  the  amount  that  is  dis¬ 
charged  in  the  streams.  The  more  level  the  country  is  the  less  the  amount  of  water 
discharged  into  the  streams,  until  in  that  region  of  country  probably  about  one- 
third  of  the  ground  discharges  no  water  in  the  streams  at  all.  The  ground  is  so 
level  and  sandy  and  the  absorption  is  so  great  that  all  evaporates.  What  we  have 
to  do,  then,  is  to  determine  the  declivities.  We  want  to  determine  the  run  of  water 
in  these  sixteen  or  twenty  thousand  minor  basins.  We  want,  first,  to  find  the 
catchment  area  of  the  water  that  is  to  be  controlled  by  the  dam  and  stored  by  the 
reservoir  ;  second,  we  want  to  find  the  declivities,  the  slopes  of  the  ground,  and  to 
find  what  portion  of  the  water  will  be  discharged  and  how  rapidly  it  will  be  dis¬ 
charged;  and,  third,  we  want  to  find  the  rainfall.  For  the  rainfall  investigation 
we  found  it  was  not  necessary  to  enter  largely  into  field  operations.  The  rainfall 
data  had  been  collected  in  part  by  the  Signal  Service  and  in  part  by  our  own  ob¬ 
servers,  but  chiefly  by  the  people  themselves,  many  of  whom  had  been  interested. 
Rain-gauges  are  employed  all  over  that  country,  and  different  States  and  Territories 
have  organized  societies  for  doing  the  work  and  they  save  us  the  expense  of  it ;  so, 
practically,  we  are  at  no  expense  for  determining  the  rainfall.  But  it  is  necessary 
to  do  the  work  of  determining  the  catchment  areas  and  the  declivities  of  the  catch¬ 
ment  areas,  and  further  than  that  the  gauging  of  a  few  typical  streams  is  necessary. 
By  this  means  we  believe  the  cost  will  be  much  less.  I  made  an  estimate  to  Con¬ 
gress  two  years  ago  when  called  on  for  an  estimate  of  what  this  work  will  cost.  I 
believe  we  can  do  the  gauging  for  about  $1,500,000.  Thus  it  is  that  a  topographic 
survey  which  is  made  for  discovering  sites  is  also  made  for  discovering  catchment 
areas  and  declivities,  and  is  the  basis  of  the  hydrographic  work. 
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Mr.  Pickler.  What  length  of  time  would  it  take  to  do  it  ? 

Maj.  Powell.  That  will  depend  upon  the  rate  of  the  appropriation,  it  being  a 
method  which  does  not  take  a  long  time.  We  do  it  just  as  rapidly  as  the  appropri¬ 
ations  are  made. 

This  method,  which  combines  topographical  surveying  with  the  gauging  of  typ¬ 
ical  streams,  will  give  the  results  sooner,  will  be  much  cheaper,  and  will  be  on  the 
whole  more  accurate  than  the  method  which  depends  entirely  on  gauging.  Our 
anticipations  in  this  regard  are  fully  sustained  by  the  experience  and  outcome  of 
the  last  eighteen  months’  work. 

Now,  the  method  adopted  for  doing  th  ehydrographic  work  and  the  necessity  for 
discovering  the  sites  and  lands  made  a  double  reason  for  the  construction  of  the 
topographic  map.  We  could  have  discovered -sites  and  lands  by  another  method 
than  that  of  a  topographic  map.  That  method  is  by  the  use  of  trial  lines.  We 
might,  on  looking  over  the  ground,  suppose  we  could  run  a  canal  from  such  a  point 
to  such  a  point.  In  order  to  prove  it  wTe  might  run  a  trial  line.  That  is  the  method 
generally  adopted  in  this  country  where  surveys  are  made  for  lines  of  railroads. 
There  has  been  in  the  United  States  an  enormous  experience  in  trial-line  surveying. 
If  a  road  is  to  be  run  from  one  place  to  another  and  they  do  not  know  the  best  way, 
they  run  a  trial  line  where  somebody  thinks  it  would  be  a  good  site,  then  by  other 
suggested  routes,  and  select  the  best.  Experience  shows  that  the  trial  lines  cost,  on 
a  general  average  for  the  United  States,  $25  per  mile.  To  adopt  the  trial-line 
system  would  be  to  run  many  lines  at  a  cost  of  $25  per  mile  on  the  general  average. 
To  make  a  topographic  survey  was  to  get  the  same  facts  in  a  much  more  satisfac¬ 
tory  way  for  a  much  smaller  amount.  The  trial-line  system  would  have  cost  at 
least  three  times  as  much  as  to  make  the  topographic  map.  Let  me  illustrate  that. 

The  Canadian  Government  attempted  to  discover  the  best  line  for  the  Canadian 
Pacific  Railroad  by  running  trial  lines,  and  they  spent  $3,000,000.  After  the  line 
had  been  selected  in  this  manner  they  discovered  they  had  made  a  mistake,  and 
had  to  abandon  a  large  section  of  the  work  and  to  make  a  new  line.  It  is  now  dis¬ 
covered  that  the  best  line  was  not  selected,  and  that  they  could  have  built  that  rail¬ 
road  very  much  cheaper  if  they  had  discovered  the  proper  lines.  Had  they  made 
a  topographic  map  of  the  whole  of  that  line  and  of  a  belt  of  country  about  it  150 
miles  in  width,  they  could  have  made  the  map  and  discovered  everything  for  one- 
half  the  money  which  it  cost  just  to  make  the  trial  lines.  All  this  cost  of  $3,000,000 
was  for  discovery  purposes.  The  line  at  last  found  had  still  to  be  run  with  great 
care  as  a  basis  for  construction  purposes. 

You  will  see  on  the  map  before  you  the  extent  to  which  we  have  made  a  topo¬ 
graphic  survey.  All  marked  in  blue  has  been  done  by  the  survey  under  my  charge; 
these  other  colors  represent  districts  surveyed  by  Messrs.  Hayden,  Wheeler,  and 
King.  Wherever  we  have  made  a  topographic  survey  in  the  region  which  you  see 
upon  that  map  no  railroad  company  runs  c.  trial  line.  They  are  guided  in  the 
selection  of  these  lines  by  the  maps  made  by  the  Geological  Survey;  so  that  with 
the  whole  United  States  surveyed  as  we  have  got  that  portion  surveyed,  any  engi¬ 
neer  of  ordinary  intelligence  can  plan  any  railroad  line  in  the  country.  Now,  the 
topographic  maps  hich  we  are  making  give  all  the  information  necessary  to  locate 
diverting  dam  sites,  diverting  canal  sites,  reservoir  sites,  and  to  select  irrigable 
lands,  and  give  us  the  catchment  areas  for  every  reservoir;  give  not  only  the  super¬ 
ficial  dimensions,  but  the  declivities,  and  for  that  reason  topography  is  necessary. 
To  make  this  survey  without  a  topographic  map  would  increase  its  cost  fivefold, 
and  when  made  we  would  never  be  quite  sure  we  had  selected  the  best.  When 
made  in  this  manner  we  are  sure  we  have  got  the  best  lines  and  the  best  sites  and 
the  most  available  lands ;  and,  more  than  that,  we  can  present  those  facts  graphic¬ 
ally  to  the  people  who  are  to  construct  these  works  and  use  the  waters,  these  en¬ 
gineers  and  farmers.  We  can  present  the  facts  to  them  in  such  a  manner  as  to 
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show  them  no  mistakes  have  been  made.  It  gives  all  the  contour  lines  and  pre¬ 
sents  all  the  facts  satisfactorily  to  everybody.  It  is  for  this  reason,  Mr.  Chairman 
and  gentlemen  of  the  committee,  that  a  topographic  survey  is  made. 

When  called  upon  by  a  resolution  of  the  Senate  to  report  a  plan  to  Congress,  I 
reported,  among  other  things,  that  a  topographic  map  was  necessary,  a  topographic 
survey,  and  a  hydrographic  survey,  and  so  on.  When  the  act  was  passed  creating 
the  survey,  it  was  formulated  in  terms  authorizing  and  directing  a  topographic 
survey.  The  law  itself  directed  that  the  survey  should  be  made,  and  it  directed  it 
in  the  same  language  in  which  the  original  law  directed  that  the  map  should  be 
made  for  the  geological  survey. 

The  irrigation  survey  was  created  by  an  act  approved  March  20,  1888.  There¬ 
upon  the  Senate,  by  resolution,  called  upon  the  Secretary  of  the  Interior  for  an  esti¬ 
mate  of  the  work,  including  the  making  of  a  map  or  maps.  In  reply  the  Secretary 
transmitted  a  letter  from  myself.  In  this  letter  I  formulated  the  plan  of  the  sur¬ 
vey,  explaining  the  topographic  work  and  the  hydrographic  work  and  other 
things  necessary  to  its  completion.  In  that  letter  I  stated,  among  other  things, 
the  following : 

To  determine  for  a  given  stream,  or  for  a  given  group  of  streams  treated  collectively,  first,  the 
maximum  area  of  farming  land  and  its  most  advantageous  selection  ;  second,  the  best  selection  of 
sites  for  reservoirs  and  their  proper  size;  and,  third,  the  best  system  of  headworksand  canals,  there 
are  three  general  requisites,  as  follows : 

(а)  The  construction  of  an  accurate  topographic  map,  with  grade  curves  at  such  intervals  as  will 
properly  represent  the  configuration  of  the  ground. 

(б)  The  determination  of  the  total  annual  discharge  of  water  from  the  catchment  basins,  or  where 
there  are  more  than  one,  from  each  catchment  basin,  and  the  distribution  through  the  year  of  that 
discharge. 

(c)  An  examination  of  the  soils  in  the  area  from  which,  under  existing  topographic  conditions,  the 
selections  of  lands  for  irrigation  must  be  made. 

(See  Senate  Ex.  Doc.  No.  163,  Fiftieth  Congress,  first  session,  p.  3.) 

And  I  made  an  estimate  for  the  beginning  of  the  work  in  the  following  language  : 

Impelled  by  these  considerations,  I  respectfully  recommend  that  an  appropriation  of  $250,000  be 
made  for  the  first  year's  work,  and  would  suggest  the  following  clause  for  the  appropriation  bill : 

“For  the  purpose  of  investigating  the  extent  to  which  the  arid  region  of  the  United  States  can  be 
redeemed  by  irrigation,  and  the  segregation  of  the  irrigable  lands  in  such  arid  region,  and- for  the  selec¬ 
tion  of  sites  for  reservoirs  and  other  hydraulic  works  necessary  for  the  storage  and  utilization  of 
water  for  irrigation,  and  to  make  the  necessary  maps,  including  the  pay  of  employes  in  field  and 
in  office,  the  cost  of  all  instruments,  apparatus,  and  materials,  and  all  other  necessary  expenses  con¬ 
nected  therewith,  the  work  to  be  performed  by  the  Geological  Survey,  under  the  direction  of  the  Sec¬ 
retary  of  the  Interior,  the  sum  of  two  hundred  and  fifty  thousand  dollars.”  (Ibid.,  p.  6.  > 

It  will  thus  be  seen  that,  having  plainly  stated  that  a  topographic  survey  would 
be  necessary,  I  made  estimates  for  it  in  these  words:  “  and  to  make  the  necessary 
maps.”  The  clause  which  I  tlius  drafted  was  incorporated  in  the  bill.  Addi¬ 
tions  were  made  to  it,  increasing  the  work  and  causing  the  sites  to  be  withdrawn 
from  sale,  and  the  lands  susceptible  of  irrigation  to  be  withdrawn  front  market 
except  under  the  provisions  of  the  homestead  laws.  This  plan,  with  the  estimates, 
was  referred  to  the  Appropriations  Committee  of  the  Senate,  and  the  chairman  of 
that  committee  called  on  me  to  explain  the  plan  and  estimates.  This  I  did,  and 
such  statement  was  published  in  the  report  of  the  committee.  (See  Senate  Report 
No.  1814,  Fiftieth  Congress,  first  session,  pp.  112-119.)  The  bill  became  a  law  Octo¬ 
ber  2,  1888,  and  immediately  work  was  begun.  On  the  last  of  December  following, 
my  report  on  the  inauguration  of  the  work  was  transmitted  to  the  Congress  and 
published.  (See  Senate  Ex.  Doc.  No.  43,  Fiftieth  Congress,  second  session.)  In 
this  report  I  set  forth  the  fact  that  topographic  surveys  had  been  begun  in  New 
Mexico,  Colorado,  Nevada,  California,  and  elsewhere.  Thus,  I  fully  explained  to 
the  Congress  how  the  work  was  proceeding,  and  that  it  embraced  the  topographic 
survey  in  accordance  with  the  plan  and  in  obedience  to  the  statute.  An  estimate 
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to  continue  the  work  was  then  sent  for,  and  again  I  was  called  before  the  Appro¬ 
priations  Committee  to  explain  the  estimate,  and  presented  to  the  committee  a 
specimen  of  the  work,  which  was  a  topographic  map.  On  all  of  these  occasions  I 
explained  to  the  committee,  not  only  that  I  was  doing  topographic  work  under  the 
appropriation,  as  directed,  but  that  the  larger  part  of  the  cost  was  involved  in  this 
work.  Then  a  second  appropriation  was  made  in  the  same  terms  as  the  first.  And 
so  the  work  has  proceeded  to  the  present  time.  Thus  it  was  that  the  original  plan 
embraced  the  topographic  survey,  and  the  matter  was  fully  explained  to  the  Con¬ 
gress,  and  the  appropriation  act  specified  that  the  surveys  should  be  made. 

Mr.  Chairman,  let  me  again  call  your  attention  to  the  map.  There  is  quite  an 
area  of  country  [illustrating  on  the  map]  where  we  do  not  have  to  make  a  topo¬ 
graphic  map,  because  we  have  already  made  maps  for  geological  purposes  that  serve 
for  the  irrigation  survey.  We  make  for  the  irrigation  survey  the  same  map  we 
make  fo-  the  geological  survey,  with  the  one  exception  that  for  the  irrigation  sur¬ 
vey  we  make  a  careful  determination  of  the  gradients  of  the  streams,  the  declivities 
of  the  streams.  These  have  to  be  determined  with  more  accuracy  for  the  irrigation 
survey  than  for  the  geological  survey.  So  all  that  topographic  survey  work  which 
hail  already  been  done  for  the  geological  survey  is  available  for  the  irrigation  sur¬ 
vey,  and  the  topographic  map  was  authorized  primarily  for  the  use  of  the  geolog¬ 
ical  survey.  It  was  reauthorized  for  the  use  of  the  irrigation  survey.  It  must  be 
remembered  that  two  maps  are  not  necessary;  only  one  survey  is  necessary.  What¬ 
ever  maps  are  made  in  the  arid  region  for  the  geological  survey  are  used  for  the 
irrigation  survey,  and  whatever  maps  are  made  for  the  irrigation  survey  are  used 
for  the  geological  survey.  These  regions  of  country  which  you  see  indicated  in 
dark  blue  have  been  surveyed  as  a  part  of  the  irrigation  work.  The  districts  are 
in  Colorado,  New  Mexico,  California,  Nevada,  and  Montana,  and  there  is  a  small 
district  in  Idaho. 

The  work  of  the  Survey  has  been  divided,  then,  practically  into  three  branches  : 
First,  the  topographic  survey,  which  is  the  basis  of  all  the  work.  It  discovers  all 
the  sites  and  lands,  and  it  discovers  all  the  catchment  areas,  and  also  gives  the 
means  for  determining  the  amount  of  water  supply  for  each  reservoir  and  for  each 
diverting  dam.  It  also  gives  a  basis  for  the  determination  of  the  total  amount  that 
can  be  redeemed  in  the  arid  region,  as  called  for  in  the  first  section  of  the  act,  which 
requires  us  to  determine  to  what  extent  the  arid  lands  can  be  redeemed  by  irriga¬ 
tion. 

The  second  work  of  the  Survey  relates  to  hydrography,  and  I  have  already  ex¬ 
plained  a  part  of  it.  We  have  a  hydrographic  corps  now  engaged  in  gauging  typ¬ 
ical  streams,  the  results  to  be  used  in  our  computations  after  the  topographic  work 
is  completed.  That  hydrographic  corps  is  also  charged  with  certain  other  duties  : 
wherever  we  have  a  station  we  have  a  rain  gauge ;  wherever  our  work  is  going  on 
we  have  a  rain  gauge,  as  that  can  be  done  without  additional  expense  ;  so  that  to 
collect  all  the  data  relating  to  rainfall  is  part  of  the  duty  of  this  hydrographic 
branch.  We  rely  chiefly  on  the  records  of  rainfall  kept  by  the  people  and  made  by 
the  Signal  Service. 

But  there  are  other  things  of  very  great  importance  in  the  irrigation  sur¬ 
vey  which  are  relegated  to  this  branch  of  the  work.  In  order  to  select  the  land  we 
have  to  know  how  much  water  it  requires  to  serve  an  acre  of  land.  Some  12  or  14 
years  ago  I  commenced  that  investigation  in  Utah,  and  with  the  methods  then  in 
vogue  there  were  examined  a  little  over  100,000  acres  of  land,  and  I  discovered  that 
a  cubic  foot  of  water  per  second  would  irrigate  during  one  season  of  irrigation  from 
80  to  100  acres  of  land.  But  we  must  know  more  accurately  than  that,  and  we  are 
going  on  with  this  investigation,  and  it  is  carried  on  by  the  hydrographic  branch. 

Then  the  life  of  the  reservoir  is  an  important  thing.  There  are  some  portions  of 
the  course  of  a  stream  where  it  carries  an  enormous  quantity  of  sediment,  as  I  have 
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already  explained  to  the  committee,  and  there  are  other  sections  of  the  channel 
where  it  is  clear,  pure  water,  and  we  want  to  determine  the  amount  of  sediment 
which  the  stream  carries  where  it  must  be  taken  out,  in  order  to  determine  the  life 
of  the  reservoir.  If  a  stream  carries  a  great  deal  of  sediment  it  will  fill  up  the 
reservoir  and  destroy  it,  and  in  order  to  determine  its  life,  and  whether  it  is  worth 
while  to  construct  it  or  not,  we  must  determine  the  amount  of  the  sediment.  To  get 
this  is  not  a  very  expensive  part  of  the  work,  but  it  is  important. 

Mr.  Hatch.  Can  not  you  test  that  with  filters  ?  Take  a  barrel  of  that  water  and 
filter  it  and  see  how  much  sediment  there  is  in  10,  20,  40  gallons  ? 

Maj.  Powell.  We  have  various  ways  of  determining  the  question,  but  the  best 
method  is  by  evaporation.  We  let  it  evaporate  and  weigh  the  amount  of  deposit. 

There  is  still  one  other  point,  and  that  is  the  necessity  of  determining  the  amount 
of  evaporation,  which  I  have  already  explained. 

Mr.  Pickler.  One  question  right  there.  In  what  part  of  the  arid  country  is 
evaporation  most  rapid  ? 

Maj.  Powell.  Probably  in  southern  California  and  southern  Arizona.  It 
amounts  to  100  inches  in  this  region  [illustrating  on  the  map].  That  is  the  lower 
Colorado.  The  evaporation  is  very  great  there,  and  of  course  we  could  not  store 
water  without  an  enormous  waste  where  there  are  a  hundred  inches  of  evaporation 
anuually. 

The  next  branch  of  the  work  relates  to  the  dams,  lines,  reservoir  sites,  and  irri¬ 
gable  lands.  Having  discovered  the  sites,  lands,  and  quantities  of  water,  then  the 
engineering  branch  can  step  in  and  plan  works.  In  order  to  plan  the  works,  a  site 
for  a  dam  must  be  examined  and  surveyed,  so  as  to  know  how  long  and  how  high, 
and  how  wide  it  must  be  constructed,  and  the  amount  of  material  which  must  go 
into  its  construction,  etc.,  and  to  know  the  ground  which  furnishes  the  foundation 
of  the  dam.  The  site  then  is  surveyed  and  the  dam  planned,  and  the  elements  of 
its  cost  examined,  and  report  is  made  upon  it.  The  reservoirs  have  to  be  discovered 
by  a  topographic  survey  for  reservoir  sites,  and  the  engineer  studies  these  sites  from 
data  placed  before  him  by  the  topographers  and  selects  the  best,  and  having  made 
his  selection,  he  then  goes  to  a  particular  site  and  makes  a  careful  survey,  a 
much  more  elaborate  survey  of  that  special  site,  to  determine  its  capacity  and  the 
cost  of  its  construction. 

The  canal  lines  having  been  selected  from  the  great  body  of  possible  lines  discov¬ 
ered  by  the  topographic  survey,  the  engineers  make  a  selection,  and  then  make 
minute  surveys  for  the  purpose  of  determining  how  much  cutting  is  necessary  here, 
or  filling  is  necessary  there,  to  find  what  the  cost  will  be,  as  the  statute  provides. 
The  engineers  having  selected  specific  waters,  specific  dam  sites,  specific  reservoir 
sites,  specific  diverting  canals,  and  specific  delivery  or  surface  canals,  and  knowing 
how  much  water  they  can  get,  and  how  much  water  it  takes  to  irrigate  an  acre  of 
land,  they  are  enabled  to  determine  what  lands  can  be  served.  About  43,000  square 
miles  have  already  been  surveyed  in  the  places  I  have  mentioned.  We  had  pre¬ 
vious  to  that  about  300,000  square  miles  already  surveyed,  of  which  we  had  a  topo¬ 
graphic  map  and  to  which  had  to  be  added  only  a  more  elaborate  examination  of 
the  streams. 

Mr.  Pickler.  What  is  the  immediate  object  of  the  survey  in  Missouri? 

Maj.  Powell.  It  is  a  geological  survey  that  has  been  going  on  for  years.  Hence 
much  of  it  is  in  mining  regions.  All  that  work  was  planned  to  meet  the  wants  of 
the  mining  districts,  just  as  the  work  of  the  irrigation  survey  is  planned  to  meet 
the  wants  of  the  irrigation  districts.  So  we  have  been  working  in  the  great  Appa¬ 
lachian  Mountains,  in  this  vast  field  of  iron  and  coal.  Under  the  Irrigation  Survey 
we  are  pushing  the  work  in  the  agricultural  or  irrigable  lands.  Here  is  one  of  the 
sheets.  It  is  a  sheet  unpublished,  just  as  it  comes  from  the  table  of  the  draughts¬ 
man.  Here  is  Arkansas  Valley.  This  is  in  longitude  98°  30',  on  the  plains.  Here 


286 


IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 


is  the  Arkansas  River.  See  how  beautifully  that  great  reservoir  site  is  shown. 
That  point  is  1,800  feet  above  the  level  of  the  sea,  on  the  Arkansas  River.  Follow¬ 
ing  that  contour  line  here  from  the  river,  you  see  it  runs  along  the  margin  of  this 
basin,  where  a  lake  can  be  made.  Thus  you  see  how  a  reservo:r  site  is  shown  on 
the  map.  This  is  what  all  these  maps  mean.  We  have  lines  of  level,  or  contour 
lines,  by  which  any  engineer  or  any  farmer  even  could  plan  works.  [Hereupon 
various  topographic  maps  were  exhibited,  showing  the  character  of  the  work  done; 
then  plans  of  canals,  reservoirs,  and  dams  were  shown  and  explained.] 

Director  Powell  then  continued: 

Mr.  Chairman,  the  outcome  of  the  work,  then,  will  be  an  atlas  of  each  of  the 
great  irrigation  districts.  This  atlas  will  contain  topographic  maps  of  the  region, 
in  contour  lines  or  grade  curves,  representing,  quantitatively,  the  topographic  ele¬ 
ments.  The  courses  of  all  streams  will  be  shown ;  the  valleys,  plains,  hills,  and 
mountains  will  be  delineated  in  grade  curves,  so  as  to  show  their  relative  heights 
and  shapes.  On  these  maps  will  appear  the  sites  of  all  head-works,  canal  lines, 
reservoirs,  and  irrigable  lands.  In  the  atlas  of  each  district  there  will  also  be  plans 
of  the  reservoirs,  canals,  and  head-works,  such  as  you  have  seen.  Then  with  each 
atlas  there  will  be  a  descriptive  text  explaining  the  character  of  all  the  structures, 
the  amount  of  material  entering  into  their  building,  and  the  cost  of  the  work. 

Mr.  Chairman,  it  will  be  noticed  that  the  statute  under  which  the  irrigation  sur¬ 
vey  is  conducted  provides  that  the  extent  to  which  the  arid  lands  can  be  redeemed 
must  be  determined.  It  also  provides  that  the  sites  for  works  shall  be  reserved  for 
the  people.  And,  finally,  it  provides  that  the  lands  under  these  works,  to  be  culti¬ 
vated  by  the  waters  controlled  by  the  works,  shall  be  reserved  for  homestead  settle¬ 
ment.  It  seems  to  me  that  these  provisions  are  all  wise,  but  whether  wise  or 
unwise,  as  an  administrative  officer  I  am  bound  to  carry  out  in  good  faith  all  of 
these  provisions.  The  law  is  manifestly  in  the  interest  of  homestead  settlers,  and 
it  appeared  to  me  on  an  examination  of  the  statute  that  I  should  conduct  the  survey 
in  the  interest  of  homestead  settlers — that  the  letter  and  spirit  of  the  statute  de¬ 
manded  this,  and  hence  in  planning  my  work  1  have  had  these  ends  in  view.  Im¬ 
mediately  on  the  passage  of  the  statute  individuals  and  companies  applied  to  me  to 
make  surveys  for  plans  and  schemes  which  they  had  devised,  desiring  thereby  to 
get  official  indorsement  of  such  schemes.  From  many  districts  throughout  the  arid 
lands  promoters  of  schemes  urged  upon  me  the  consideration  of  their  plans,  and 
requested  official  examination  of  the  same. 

After  mature  consideration  I  decided  that  such  examinations  were  no  part  of  my 
work,  that  I  could  not  consistently  under  the  law  make  the  Survey  an  agency  for 
the  indorsement  and  advertising  of  the  plans  of  promoters;  that  it  was  my  duty  to 
enter  into  each  basin  and  make  a  complete  examination  of  the  same,  and  report  the 
best  system  of  works  for  that  basin,  and  to  reserve  the  sites  and  lands  for  homestead 
settlers.  The  course  thus  adopted  has  led  in  very  many  cases  to  disappointment. 
The  promoters  are  active,  vigorous  men,  standing  between  the  capitalists  and  the 
farmers,  who  by  all  these  irrigation  schemes  reap  the  chief  reward.  I  deemed  that 
the  law  was  in  the  interest  of  the  settlers,  the  actual  farmers,  who  were  making 
homes,  and  that  I  could  do  no  act  in  compliance  with  the  letter  and  spirit  of  the 
law  that  did  not  consider  their  ultimate  interests.  Under  this  theory  of  adminis¬ 
tration  I  have  conducted  the  work.  But  the  promoters  are  disappointed,  and  the 
hue  and  cry  is  raised  that  the  survey  does  not  aid  the  development  of  the  country, 
and  that  it  is  not  practical.  And  this  is  true  so  far  as  such  development  and  such 
practical  benefit  are  to  come  from  the  advancement  of  irrigation  schemes  by  which 
lands  and  waters  are  aggregated  in  the  possession  of  individuals  and  corporations. 
If  this  is  a  fault  it  is  a  fault  of  the  law  itself,  as  I  act  only  in  harmony  with  the 
statute. 

Mr.  Chairman,  I  have  thus  set  before  you  the  plans  of  the  survey,  the  methods  of 
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the  survey,  an  1  the  underlying  principles  which  have  guided  me  in  the  administra¬ 
tion  of  the  trust,  and  now  submit  the  subject  to  the  judgment  of  the  committee.  For 
the  patient  hearing  you  have  given  me  through  many  days,  involving  questions 
both  of  fundamental  importance  and  of  collateral  interest,  I  must  sincerely  thank 
you. 

Thereupon  the  committee  adjourned  to  meet  at  the  regular  hour  next  Thursday. 


Select  Committee  on  Irrigation  of 

Arid  Lands  in  the  United  States, 

April  24,  1890. 

Committee  met  pursuant  to  adjournment,  Mr.  Vandever  in  the  chair. 

statement  of  maj.  j.  w.  powell — continued. 

Maj.  Powell  said: 

Mr.  Chairman  and  gentlemen  of  the  committee,  when  last  before  the  committee 
I  failed  to  call  attention  to  a  provision  of  the  statute  relating  to  the  segregation  of 
lands,  and  have  returned  this  morning  for  that  purpose.  In  the  act  creating  an 
irrigation  survey  there  are  the  following  words: 

And  all  the  lands  which  may  hereafter  be  designated  or  selected  by  such  United  States  surveys  for 
sites  for  reservoirs,  ditches,  or  canals  for  irrigation  purposes,  and  all  lands  made  susceptible  of  irri¬ 
gation  by  such  reservoirs,  ditches,  or  canals,  are  from  this  time  henceforth  hereby  reserved  from  sale 
as  the  property  of  the  United  States,  and  shall  not  be  subject,  after  the  passage  of  this  act,  to  entry, 
settlement,  or  occupation  until  further  provided  by  law  :  Provided,  That  the  President  may  at  any 
time-in  his  discretion  by  proclamation  open  any  portion  or  all  the  lands  reserved  by  this  provision  to 
settlement  under  the  homestead  laws. 

This  act  was  passed  October  2,  1888.  In  December,  three  months  following,  I 
made  a  report  of  the  organization  of  the  work  and  the  progress  made  at  that  time 
to  Congress,  and  in  that  report  I  called  attention  to  this  special  clause  and  its  effect 
in  this  language: 

I  respectfully  invite  your  attention  to  the  clause  of  the  act  providing  for  an  irrigation  survey  which 
withdraws  from  “sale,  entry,  settlement,  or  occupation”  the  lands  selected  for  reservoir  sites  and 
those  segregated  as  irrigable  tracts. 

It  is  apparent  that  the  reservation  from  sale  of  the  lands  necessary  for  the  sites  of  reservoirs  is 
eminently  wise,  as  no  restriction  or  burden' should  be  placed  upon  the  development  of  agriculture  by 
irrigation  in  arid  lands,  but  some  provision  should  be  made  by  which  such  reservoir  sites  can  be  per¬ 
manently  useful  for  the  purposes  for  which  they  are  designed.  It  is  shown  that  further  legislation 
is  contemplated  from  the  fact  that  the  reservation  is  made  to  extend  only  “until  further  provided 
by  law.”  *  *  * 

The  propriety  of  preserving  the  irrigable  lands  from  sale,  settlement,  and  occupation  until  restored 
under  the  homestead  laws  through  proclamation  of  the  President,  is  worthy  of  further  consideration. 
If  the  selections  are  wisely  made— and  this  must  be  assumed— the  best  land,  all  things  considered, 
that  belong  to  the  valley  or  plain  of  a  given  stream  are  segregated  from  the  general  domain,  and 
peculiar  restrictions  are  placed  upon  their  disposal;  that  is,  they  can  be  settled  only  under  the  home¬ 
stead  provisions,  and  that  after  proclamation  by  the  President,  while  titles  to  other  lands  can  be 
secured  under  the  homestead  laws,  the  pre-emption  laws,  the  desert-land  laws,  and  the  timber-culture 
law. 

The  individual  wishing  to  obtain  title  to  lands  will  prefer  to  take  up  lands  under  the  more  liberal 
provisions,  so  that  the  selected  lands  will  be  neglected  and  the  non-selected  lands  will  be  entered; 
and,  as  the  statute  now  stands,  the  waters  of  the  stream  will  be  taken  to  the  non-selected  or  poorer 
lands.  It  must  in  this  connection  be  further  understood  that  the  difference  between  the  good  and  the 
bad  land  will  usually  be  very  great.  It  may  often  be  the  case  that  the  water  necessary  to  irrigate  a  square 
mile  of  the  poorer  non-selected  lands  would,  if  taken  to  the  selected  lands,  irrigate  2,  3,  4,  5,  or  more 
square  miles.  The  individual  making  the  selection  can  not  be  supposed  to  have  the  general  good  in 
view,  but  only  his  personal  interests,  and  he  will  not  consider  the  facts  here  represented. 

The  Chairman.  Is  that  your  report  ? 

Maj.  Powell.  That  is  from  my  report  made  to  Congress  a  year  ago  last  December. 

The  Chairman.  If  you  have  a  copy  of  that  report  with  you  I  would  be  glad  to 
have  it. 
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Maj.  Powell.  A  copy  is  here  and  I  can  leave  it  with  you.  The  effect,  then, 
it  would  seem  to  me,  would  be  largely  to  prevent  the  settlement  of  the  best  lands. 
If  the  best  lands  are  segregated  and  put  imder  the  homestead  law  and  the  other 
lands  left  free  to  all  other  statutory  provisions  for  the  acquisition  of  lands,  it  will 
result  in  taking  the  water  on  the  poorer  lands  instead  of  on  the  better  lands,  as  I 
explained  in  my  report  at  that  time. 

There  is  another  question  of  uncertainty  in  the  statute.  The  statute  says  : 

AH  the  lands  made  susceptible  of  irrigation  by  such  reservoirs,  ditches,  or  canals  are  from  this  time 
henceforth  hereby  reserved  from  sale,  etc. 

Now,  there  has  not  been  a  formal  decision  upon  the  interpretation  of  that  statute. 
If  it  means,  as  I  think  perhaps  it  does,  that  all  the  lands  made  susceptible  of  irri¬ 
gation  are  to  be  reserved,  then  larger  areas  will  be  selected  than  the  waters  will 
serve,  but  if  a  reservoir  on  the  side  of  a  plain  or  the  side  of  a  valley - 

The  Chairman.  Would  it  be  construed  in  this  way,  Susceptible  of  irrigation  with 
reference  to  the  water  supply  ? 

Maj.  Powell.  That  is  the  very  point  I  wish  to  bring  out.  I  want  to  call  the 
attention  of  the  committee  to  the  fact  that  there  is  no  legal  decision  of  the  ques¬ 
tion,  but  it  will  be  raised  in  a  few  weeks. 

The  Chairman.  Is  it  not  entirely  now  in  the  discretion  of  the  Interior  Depart¬ 
ment  to  construe  what  the  law  is  ? 

Maj.  Powell.  The  act  will  be  construed  in  a  few  weeks.  We  have  been  con¬ 
servative  about  the  segregation  of  lands  and  are  now  making  the  first  recommen¬ 
dations,  and  a  case  will  now  arise.  When  a  decision  is  reached  in  this  case  an 
interpretation  will  be  given  to  this  clause.  Allow  me  to  explain  what  tire  effect 
would  be  on  the  lands  susceptible  of  irrigation  under  that  provision.  Where  a 
canal  or  reservoir  may  be  able  to  irrigate  10,000  acres  of  land,  20,000  acres  of  land 
may  be  lying  under  it.  Shall  we  segregate  the  20,000  acres  of  land  or  the  10,000 
acres  of  land,  is  the  question.  I  think  the  question  is  worthy  of  consideration,  and 
perhaps  the  statute  needs  amendment.  I  have  suggested  to  another  committee 
that  the  survey  should  be  directed  more  definitely  how  these  segregations  should 
be  made,  and  these  are  the  words  which  I  propose  should  be  incorporated  in  the 
law  as  the  conditions  governing  the  selections  : 

First,  the  conditions  necessary  to  secure  the  greatest  area  of  irrigable  land. 

Second,  the  conditions  necessary  to  secure  the  most  valuable  land  for  agricultural  purposes  by 
reason  of  climate. 

Third,  the  conditions  necessary  to  secure  the  most  valuable  agricultural  lands  as  determined  by 
soil  and  subsoil. 

Fourth,  the  conditions  necessary  to  secure  land  that  can  be  irrigated  and  cultivated  with  the  great¬ 
est  economy. 

I  think  there  should  be  some  legal  restrictions  placed  upon  the  segregation  of 
land,  and  that  these  conditions  would  meet  the  case. 

The  Chairman.  Have  you  the  suggestions  in  any  form? 

Maj.  Powell.  Yes,  sir  ;  I  have  them  in  the  form  I  have  just  read,  which  is  in 
a  bill  introduced  in  the  Senate. 

The  Chairman.  Whose  bill  is  that  ? 

Maj.  Powell.  Mr.  Reagan’s. 

Mr.  Hansbrough.  This  is  an  amendment  to  the  Plumb  bill  ? 

Maj.  Powell.  Yes,  sir. 

The  Chairman.  This  would  put  the  matter  under  the  regulations  and  the  ruling 
of  the  Interior  Department  at  the  present  time,  and  I  do  not  know  whether  the 
committee  could  consider  that.  I  do  not  know  whether  it  is  best  to  incorporate 
a  provision  of  that  kind  or  not. 

Maj.  Powell.  This  is  the  point  I  wanted  to  present  to  you  so  that  you  could  con¬ 
sider  it.  The  present  law  I  think  is  defective ;  it  works  an  injury,  and  I  think  some¬ 
thing  ought  to  be  done  to  provide  that  specific  lands  should  be  irrigated,  and  rules 
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provided  under  which  they  should  be  selected.  It  would  be  of  interest  to  all  the 
settlers  to  do  that.  The  effect  of  the  law  at  present  is  to  withdraw  all  selected  lands 
from  settlement  except  under  the  homestead  law.  I  do  not  know  what  the  action 
of  the  President  will  be,  but  it  is  to  be  presumed  that  as  fast  as  lands  are  selected 
the  President  will  declare  them  open  to  homestead  settlement.  So  that  a  body  of 
land  after  being  selected  will  not  remain  out  of  the  market ;  it  will  be  immediately 
brought  into  the  market  under  the  homestead  law. 

The  Chairman.  The  homesteader  would  not  be  able  to  perfect  the  title  until  after 
the  adjustment  of  the  right  to  the  water.  The  homesteader  may  go  on  and  take  a 
piece  of  land  on  which  he  thinks  he  can  raise  a  crop  in  an  ordinary  season  without 
irrigation,  and  he  can  hold  it  for  a  good  while,  and  when  the  facts  turn  out  he  can 
not  do  anything  with  it  at  all. 

Maj.  Powell.  I  simply  wish  to  state  these  facts  to  the  committee,  so  that  it  may 
have  them  before  it  for  consideration.  If  the  better  lands  are  selected  for  the  home¬ 
stead  settlers  and  the  poorer  lands  are  left  to  be  taken  up  under  the  desert- land  act, 
the  timber-culture  act,  and  so  on,  in  large  quantities,  companies  will  acquire  title  to 
these  poorer  lands  through  the  agency  of  persons  employed  for  that  purpose.  Then 
they  will  get  possession  of  the  water  by  constructing  the  irrigation  works,  and  the 
homestead  settlers  on  the  good  lands  will  be  left  without  water  and  powerless.  The 
poor  lands  will  be  cultivated  and  the  good  lands  will  r  main  waste.  If  all  of  the 
lands  which  can  be  irrigated  under  the  works  planned  are  withdrawn  from  sale  ex¬ 
cept  under  the  provisions  of  the  homestead  act,  then  the  companies  will  plan  other 
lines  and  reservoir  sites  not  so  good  and  will  take  other  lands  not  so  valuable,  leav¬ 
ing  the  reserved  sites  for  works  and  the  reserved  lands  to  be  managed  by  homestead 
settlers,  who,  not  being  capitalists,  will  not  be  able  to  command  the  situation,  and 
thus  the  purpose  of  the  law  will  be  defeated.  If  the  best  sites  for  works  are  to  be 
selected  and  the  best  lands  under  them  selected,  and  then  these  sites  for  works  and 
these  lands  are  to  be  given  to  homestead  settlers,  they  should  be  protected  in  their 
settlements  by  providing  that  the  waters  to  supply  the  lands  shall  belong  to  their 
lands,  and  that  they  can  not  be  used  elsewhere.  I  suppose  that  it  is  well  known  to 
the  committee  that  the  desert-land  privilege  and  the  timber-culture  privilege  are 
the  two  great  agencies  by  which  the  public  domain  passes  from  the  possession  of  the 
Government  into  the  hands  of  capitalists  and  corporations. 
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Department  of  the  Interior, 

United  States  Geological  Survey, 

Topographic  Branch, 
Washington,  D.  C.,  July  1,  1890. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  work 
of  the  Topographic  Branch  of  the  Irrigation  Survey  during  the  fiscal 
year  ending  June  30,  1890. 

TIME  AND  LOCATION  OF  WORK. 

.  The  work  was  continued  throughout  the  fiscal  year  in  the  States 
of  California,  Nevada,  Colorado,  Idaho,  Montana,  the  Territory  of 
New  Mexico  and  in  office  at  Washington,  D.  C.,  on  plans  approved 
by  you. 


GENERAL  ORGANIZATION  AND  PERSONNEL. 

For  convenience  of  supervision  and  administrative  management 
five  divisions  for  the  prosecution  of  work  were  organized;  California 
and  Nevada  constituting  the  first;  Colorado  the  second;  Idaho  the 
third;  Montana  the  fourth,  and  New  Mexico  the  fifth.  The  Cali- 
fornia-Nevada  Division  was  assigned  to  Mr.  E.  M.  Douglas,  assisted 
by  Messrs.  A.  F.  Dunnington,  R.  H.  McKee.  R.  H.  Chapman, 
H.  E.  C.  Feusier,  and  G.  H.  Verrill,  as  assistants  in  charge  of 
parties,  Mr.  P.  Y.  S.  Bartlett  and  Mr.  Paul  Holman  as  general 
assistants.  The  Colorado  Division  was  assigned  to  Mr.  Willard  D. 
Johnson,  with  Messrs.  C.  H.  Fitch,  John  W.  Hays,  R.  C.  McKinney, 
A.  C.  Barclay,  R.  A.  Farmer,  S.  P.  Johnson,  W.  S.  Post,  and  R.  B. 
Marshall  as  assistants  in  charge  of  parties.  The  Idaho  Division  was 
assigned  to  Mr.  W.  T.  Griswold,  with  Mr.  E.  T.  Perkins,  jr.,  as  as¬ 
sistant  in  charge  of  a  party.  The  Montana  Division  was  assigned  to 
Mr.  Frank  Tweedy,  with  Mr.  Jeremiah  Ahern  as  assistant  in  charge 
of  party  and  Mr.  Frank  E.  Gove  as  general  assistant.  The  New 
Mexico  Division  was  assigned  to  Mr.  Arthur  P.  Davis,  with  Messrs. 
C.  C.  Bassett  and  J.  B.  Lippincott  assistants  in  charge  of  parties. 

In  California  and  Nevada  the  organization  consisted  of  one  tri¬ 
angulation  and  four  topographic  parties;  in  Colorado  of  one  triangu¬ 
lation,  one  plane-table  control  and  six  topographic  parties;  in  Idaho 
of  one  triangulation  and  topographic  and  one  topographic  party;  in 
Montana  of  one  triangulation  and  two  topographic  parties;  in  New 
Mexico  of  one  triangulation  and  two  topographic  parties. 
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The  work  of  these  divisions  being  in  a  sparsely  settled  or  entirely 
uninhabited  region,  it  was  necessary  for  the  parties  to  subsist  in 
camps.  The  organization  for  this  purpose  was  nearly  the  same  in 
all  localities.  The  means  of  transportation  usually  being  one  large 
four-mule  wagon  for  camp  equipage  and  supplies,  and  buck-boards 
or  saddle  animals  for  the  persons  engaged  in  the  map  work. 

Usually  each  party  employed,  in  addition  to  the  regularly  appointed 
assistants,  one  or  two  persons  as  traverse  or  rod  men  to  assist  in  the 
field  work.  One  cook,  one  teamster,  and  one  laborer  generally  fur¬ 
nished  sufficient  force  for  camp  duties. 

In  all  divisions  the  work  proceeded,  when  practicable,  by  atlas- 
sheet  areas,  bounded  by  degree,  quarter  or  half  degree  lines  of  lati¬ 
tude  and  longitude. 

These  atlas  sheets  are  named  from  some  town  or  prominent  natural 
feature  within  their  limits  and  conform  in  scale  and  area  to  the  sys¬ 
tem  adopted  by  the  Geological  Survey,  viz,  atlas  sheets  when  pub¬ 
lished  on  the  scale  of  62|-00  to  represent  15  minutes  of  latitude  and 
longitude  each  way;  when  on  the  scale  of  it 5V00  to  represent  30,  and 
on  the  scale  ts'o^  o  o  1  degree. 

In  Colorado  the  boundaries  of  a  number  of  the  atlas  sheets  were 
determined  by  the  outlines  of  the  drainage  basin  of  the  Arkansas 
River. 

The  field  work  was  done  on  twice  the  horizontal  scale  intended  for 
publication,  the  relief  being  represented  by  contour  lines  having 
equal  intervals,  but  differing  on  different  sheets. 

The  following  table  shows  the  locality  of  work,  scale,  contour 
intervals,  areas  surveyed,  and  present  condition  of  office  work  at 
the  end  of  the  fiscal  year: 


Locality. 

Scale  field  work. 

Contour 

interval. 

Sur¬ 

veyed. 

Condition  of  office 
work. 

|  California . 

!  Colorado . 

1  inch  to  1  mile . 

Feet. 
100 
l  25 
{  50 

1  100 
j  50 

I  100 
t  50 
|  100 
\  50 

1  100 
100 

Sq.  miles. 
3,250 

|  9,900 

[  1,900 

[  1,600 

j-  2,600 
1,600 

Completed. 

j  Four-fifths  com- 
1  pleted. 

Completed. 

Do. 

Do. 

Do. 

Idaho . 

Montana . 

....  do . 

. . . .do  . . 

New  Mexico . 

Nevada . 

....  do . 

Total . 

20,850 

DETAIL  REPORT  OF  DIVISIONS. 

CALIFORNIA-NEVADA. 

The  work  in  the  California-Nevada  Division  as  organized  in  my 
last  report  was  in  full  progress  on  July  1,  1889.  To  Mr.  Feusier  was 
assigned  charge  of  the  triangulation  party.  To  the  topographic  party 
of  Mr.  Dunnington  was  assigned  the  Truckee  atlas  sheet,  an  area 
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west  and  north  of  Lake  Tahoe.  To  Mr.  McKee’s  party  was  assigned 
an  area  lying  south  of  that  surveyed  by  Mr.  Dunnington  and  called 
from  its  most  striking  feature,  a  sharp  granitic  mountain,  the  Pyra¬ 
mid  Peak  sheet.  To  Mr.  Chapman’s  party  was  assigned  the  quarter 
degree  lying  east  of  Mr.  McKee’s  work  and  called  from  a  town  of 
the  same  name  the  Markleeville  sheet.  To  Mr.  Verrill’s  party  was 
assigned  the  quarter  degree  including  the  Carson  Valley  and  called 
from  the  city  of  that  name  the  Carson  sheet.  Early  in  August  Mr. 
Verrill  resigned  and  Mr.  Bartlett  was  placed  in  charge  of  this  party 
during  the  remainder  of  the  year. 

All  these  parties  completed  their  assigned  work  by  November  15, 
and  in  addition  the  party  under  Mr.  Chapman  surveyed  340  square 
miles  on  what  was  named  the  Reno  sheet,  and  Mr.  Dunnington’s 
party  380  square  miles  on  the  Sierraville  sheet. 

On  November  15  work  in  the  Calif  or  nia-Nevada  .Division  was 
closed,  the  parties  disbanded,  camp  equipage  and  field  material  stored, 
and  the  animals  placed  in  winter  quarters.  The  chief  of  the  division, 
with  the  heads  of  the  parties  and  their  principal  assistants,  were  then 
ordered  to  Washington,  D.  C.,  for  office  work. 

Topography. — 1 The  area  mapped  lies  between  longitude  109°  30' 
and  110°  30'  west  and  latitude  38°  30'  and  40°  north.  It  maybe  said 
to  present  three  great  natural  features :  The  Sierra  Nevada  Range, 
the  Lake  Tahoe  Basin,  and  the  Carson  Valley.  The  Sierra  Nevada 
Range  occupies  the  southern  and  western,  the  Tahoe  Basin  the  cen¬ 
tral,  and  the  Carson  Valley  the  eastern  and  northern  parts. 

The  crest  of  the  Sierra  Nevada  Range  stretches  from  southeast  to 
northwest  across  the  whole  area  surveyed,  forming  a  sharp  line 
between  the  waters  flowing  into  the  Valley  of  California  and  those 
flowing  into  the  Great  Interior  Basin.  West  of  the  divide  the  slopes 
are  gentle  and  below  8,000  feet  in  altitude,  usually  forest  clad. 

This  region  receives  an  abundant  rainfall  and  is  drained  by 
branches  of  the  Yuba,  American,  Cosumne,  Mokelumne,  and  Stan¬ 
islaus  Rivers.  Near  the  eastern  edge  of  the  Pyramid  Peak  and 
Truckee  sheets  and  at  an  elevation  of  5,000  feet,  these  streams  begin 
to  cut  the  canyons  through  which  they  debouch  into  the  Valley  of 
California,  but  between  the  heads  of  these  canyons  and  the  divide 
is  a  region  of  gentler  slopes  descending  into  narrow  mountain  val¬ 
leys  through  which  the  streams  course  with  but  comparatively  little 
fall. 

East  of  the  dividing  ridge  the  mountain  slopes  are  steeper,  the 
precipitation  less,  the  draining  streams  fewer,  the  mountain  sides 
unusually  bare,  and  grow  steeper  and  steeper  until  they  plunge 
almost  precipitously  down  into  the  Carson  Valley.  These  slopes 
are  drained  by  the  Truckee,  Carson,  and  Walker  Rivers,  all  rising 
near  the  crest  and  flowing  through  valleys  near  the  eastern  edge  of 
tbe  work. 
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Near  the  northwest  corner  of  the  Markleeville  sheet  a  spur,  break¬ 
ing  from  the  main  range  of  mountains,  bears  more  to  the  east  than 
the  general  trend.  This  spur,  when  near  the  northern  edge  of  the 
Carson  sheet,  sweeps  round  to  the  west,  becomes  lower,  more  con¬ 
fused  and  broken,  and  finally,  just  beyond  the  limits  of  the  area 
surveyed,  merges  again  into  the  main  range.  Between  this  curving 
spur  and  the  main  range  is  an  oval-shaped  depression  called  the 
Tahoe  Basin,  having  the  same  trend  as  the  greater  range. 

In  its  southern  portion  is  Lake  Tahoe,  a  body  of  water  21  miles  in 
greatest  length  by  13  in  greatest  width,  and  having  a  water  surface 
of  about  190  square  miles.  It  is  surrounded  on  all  sides  by  rugged 
mountains  and  high  peaks;  those  on  the  west  rising  to  9,500  feet  in 
altitude.  The  small  streams  draining  these  mountains  are  numerous 
and  flow  near  the  surface,  but  after  the  melting  of  the  snows, 
decrease  greatly  in  volume. 

The  outlet  of  the  lake  is  by  the  Truckee  River.  This  stream  flows 
first  along  the  axis  of  the  Tahoe  Basin,  then  turns  sharply  to  the 
north,  then  more  to  the  east,  and  finally,  after  a  course  of  125  miles 
through  a  succession  of  narrow  canons  and  wider  valleys,  empties 
into  Pyramid  Lake. 

The  northern  portion  of  the  Tahoe  Basin  is  of  lower  altitude  and 
less  rugged  than  the  southern  and  western,  but  yet  not  having, 
except  in  the  extreme  northwestern  part  of  the  region  surveyed,  any 
considerable  areas  of  level  lands.  It  is  drained  by  the  Little 
Truckee  River  and  other  branches  of  the  main  stream.  In  this 
region  are  three  small  lakes,  Donner,  Webber,  and  Independence, 
the  former  draining  into  the  main  Truckee,  and  the  two  latter  into 
the  Little  Truckee  Rivers.  The  only  valleys  are  the  wider  openings 
spoken  of  along  the  main  stream  and  its  principal  branch.  Of  these 
the  Martis  and  Reno,  the  latter  being  properly  the  northern  extension 
of  the  Truckee  meadows,  are  the  larger. 

The  Carson  Valley  occupies  the  northern  portion  of  the  Marklee¬ 
ville  and  the  central  portion  of  the  Carson  sheets.  It  is  separated 
from  the  Tahoe  Basin  by  a  narrow  range  of  mountains,  the  highest 
peaks  of  which  reach  an  elevation  of  9,000  feet.  The  valley  itself 
has  a  length  perhaps  of  30  miles  by  8  in  width  and  ranges  in  eleva¬ 
tion  from  5,500  feet  at  its  southern  extremity  to  4,500  feet  at  its 
northern.  To  the  northward  it  is  separated  by  a  low  divide  from 
the  Washoe  Valley.  This  valley  in  turn  continues  northward  into 
the  Truckee  Meadows  or  the  Reno  Valley  of  the  Truckee  River. 

The  mountains  to  the  east  of  these  valleys  are  of  the  characteristic 
Great  Basin  type — short  detached  barren  ranges  giving  rise  to  no 
permanent  streams,  but  eroded  into  numberless  waterless  canyons 
and  washes. 

The'  Sierra  Nevada  Range  occupies  the  southern  portion  of  the 
Markleeville  sheet,  its  highest  peaks  reaching  to  an  altitude  of 
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10,000  feet.  This  area  is  drained  by  the  Carson  and  Walker  Rivers 
and  has,  at  its  lower  altitudes,  many  narrow  valleys  through  which 
the  smaller  tributaries  of  the  draining  streams  wind.  Its  mountain 
forms  are  less  rugged  than  those  farther  west  and  north  and  are 
often  forest  clad. 

Forests. — A  large  portion  of  the  region  surveyed  west  of  the 
dividing  Sierra  Nevada  Range  is  forest  clad.  On  the  Pyramid  Peak 
sheet,  at  least  three-fourths  of  the  area  is  covered  by  timber  valuable 
for  milling  purposes,  the  remaining  area,  except  in  the  valleys, 
having  usually  a  bare,  rocky  surface  devoid  of  all  vegetable  growth. 
The  principal  varieties  are  firs  at  the  higher  altitudes,  and  pines  on 
the  lower  slopes.  On  the  Truckee  sheet  one-half  of  the  area  is 
covered  by  milling  timber,  principally  firs.  This  is  especially  the 
case  around  the  western  shore  of  Lake  Tahoe,  in  the  northern  por¬ 
tion  of  the  Tahoe  Basin,  and  along  the  Truckee  River.  Perhaps 
one-third  of  the  area  of  this  sheet  is  covered  by  timber  fit  only  for 
firewood  and  domestic  purposes,  the  remainder  being  bare  granite 
mountains  nearly  destitute  of  any  vegetation  whatever. 

In  the  western  and  southern  portions  of  the  Markleeville  sheet  are 
many  detached  areas,  making  one-half  the  whole,  of  timber  fit 
for  milling  purposes,  but  it  is  usually  not  so  dense  nor  in  so  large 
bodies  as  on  the  Pyramid  Peak  sheet.  The  mountains  in  the  eastern 
part  of  the  Markleeville  sheet  are  usually  sparsely  covered  by  a 
growth  of  cedar  and  pinon  pines,  fit  only  for  fuel  and  other  domestic 
purposes. 

The  range  directly  east  of  Lake  Tahoe  on  the  Carson  sheet  was 
formerly  covered  by  a  dense  growth  of  pine  and  fir.  but  this  has 
been  cut  off  for  the  use  of  the  inhabitants  of  the  country,  and  now 
there  remains  little  else  than  a  scrubby  growth,  serviceable  for 
domestic  uses  only.  Most  of  the  mountains  in  the  eastern  part  of 
this  sheet  are  completely  bare  of  timber,  either  originally  so  or  cut 
off  for  the  use  of  the  mining  camps  of  this  region. 

On  that  part  of  the  Sierraville  sheet  surveyed  small  bodies  of 
milling  timber  are  found,  but  the  greater  portion  of  the  area  has 
only  a  scrubby  growth. 

No  milling  timber  of  any  extent  is  found  in  that  portion  of  the 
Reno  sheet  surveyed. 

Throughout  the  whole  area  mapped  the  valleys  are  usually  bare 
of  forest  growth.  This  is  especially  the  case  in  the  larger,  such  as 
the  Carson,  Washoe,  and  Truckee. 

Reservoir  sites. — Sixty-six  possible  reservoir  sites  were  reported 
by  the  topographers  of  this  division,  not  counting  the  grandest  of  all, 
Lake  Tahoe.  Eleven  of  them  are  already  occupied,  being  natural 
lakes  across  whose  outlets  dams  have  been  constructed,  raising  the 
water  surface;  but  all  these  could  be  very  much  increased  in  capacity 
by  larger  works. 
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In  area  these  reservoirs  range  from  1(30  acres  to  several  square  miles, 
and  are  situated  at  elevations  varying  from  near  the  crest  of  the 
main  range  to  the  lowest  altitudes  represented  on  the  maps.  They 
are  usually  in  the  valleys  of  the  streams  by  which  they  would  be 
filled,  and  would  be  formed  by  dams  built  across  their  channels. 
In  but  few  cases  have  reservoirs  been  reported  where  it  would  be 
practicable  to  construct  settling  ponds  and  then  conduct  the  waters 
to  storage  reservoirs.  The  notes  made  of  these  sites  seem  to  be 
explicit  enough  to  furnish  sufficient  data  to  determine  their  relative 
importance. 

The  following  table  shows  the  number  of  reservoirs  now  occupied, 
the  number  of  existing  lakes  now  occupied  or  which  could  be  con¬ 
verted  into  reservoirs,  the  additional  number  which  could  be  con¬ 
structed,  and  the  total  number  of  reservoirs  reported  on  each  sheet: 


Reservoirs. 


Name  of  sheet. 

Reservoirs 

occupied. 

Natural 

lake 

reservoirs. 

Could  be 
con¬ 
structed. 

Total 

reported. 

Pyramid  Peak  . 

3 

7 

10 

17 

Markleeville . 

4 

4 

24 

28 

Carson . .  • 

2 

2 

8 

10 

Truckee . 

3 

3 

8 

11 

Total . 

12 

16 

50 

66 

Classifying  these  reservoirs  by  the  drainage  basins  in  which  they 
are  situated,  there  are  in  the— 

Walker  River  Basin .  5 

Carson  River  Basin .  24 

Truckee  River  Basin .  12 

Mokelumne  River  Basin .  13 

American  River  Basin .  12 

Y uba  River  Basin .  1 

The  last  three  rivers  are  on  the  west  side  of  the  Sierra  Nevada 
Range. 

Irrigable  lands.—  No  considerable  bodies  of  irrigable  lands  are  re¬ 
ported  within  the  limits  of  the  area  surveyed  except  upon  the  Mark- 
leeville  and  Carson  sheets,  though  small  areas  occur  upon  the  Truckee 
sheet  in  the  valley  of  the  Truckee  River. 

The  work  on  the  Sierraville  and  Reno  sheets  has  not  progressed 
sufficiently  to  determine  the  location  of  the  irrigable  land,  though 
large  bodies  are  known  to  exist.  The  limit  in  altitude  for  successful 
cultivation  of  the  soil  in  this  region  seems  to  be  about  6,000  feet.  In 
favorable  locations  it  may  be  higher. 

The  irrigable  lands  reported  on  Walker  River  lie  at  an  altitude  of 
about  5,000  feet;  in  the  Carson,  Washoe,  and  Truckee  meadow  valleys 
they  range  from  4,500  to  5,600  feet.  The  soil  of  all  these  valleys  is 
reported  fertile  and  productive  wherever  water  is  applied  and  the 
irrigable  lands  far  in  excess  of  any  probable  supply  of  water. 
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COLORADO. 

At  the  beginning  of  the  fiscal  year  the  work  of  this  Division,  un¬ 
der  Mr.  Willard  D.  Johnson,  was  organized  into  one  triangulation, 
one  plane-table  control,  and  six  topographic  parties.  Mr.  Hays  was 
given  charge  of  the  triangulation  party,  Mr.  Barclay  of  the  plane- 
table  control,  and  Messrs.  Fitch,  Bien,  McKinney,  S.  P.  Johnson, 
Farmer,  and  Post  were  given  charge  of  topographic  parties. 

Mr.  Hays  was  directed  to  extend  the  triangulation  from  located 
Coast  Survey  points  southeast  through  the  Nepesta,  Catlin,  Las  Ani¬ 
mas,  Higbee,  and  Twin  Butte  sheets. 

Mr.  Barclay  was  directed  to  extend  the  plane-table  control  eastward 
on  a  line  south  of  Mr.  Hays’s  triangulation  and  through  the  Apishapa, 
Timpas,  Higbee,  and  Springfield  sheets. 

To  the  topographic  party  in  charge  of  Mr.  Bien,  assisted  by  Mr. 
Corse,  was  assigned  the  work  on  the  Leadville  and  Buena  Vista  sheets. 

To  Mr.  S.  P.  Johnson  was  assigned  the  work  on  the  Trinidad  and 
the  Culebra  sheets. 

To  Mr.  Fitch,  assisted  by  Mr.  Fuller,  was  assigned  work  on  the 
Huerfano  Park  and  the  southern  part  of  the  Canon  City  sheets. 

To  Mr.  McKinney,  assisted  by  Mr.  Kendall,  was  assigned  first  the 
completion  of  unfinished  work  on  the  Twin  Butte  and  Spring- 
field  sheets  and  after  completing  this  the  northern  part  of  the  Canon 
City  sheet. 

To  Mr.  Post,  assisted  by  Mr.  Marshall,  were  assigned  the  Pike's 
Peak,  Colorado  Springs,  Big  Spring,  and  Suffolk  sheets. 

To  Mr.  Farmer  was  assigned  the  completion  of  the  work  on  the  El 
Moro  and  Trinidad  sheets. 

Later  in  the  season  it  was  found  necessary  to  change  the  allotment 
of  areas  to  these  parties  and  to  suspend  the  work  of  Mr.  Hays’s  tri¬ 
angulation  and  assign  him  to  the  completion  of  the  topography  of 
the  Arroyo  and  Sanborn  sheets.  It  was  also  found  necessary  to 
change  the  assignment  of  personnel  to  a  considerable  extent.  The 
field  organization  of  these  parties  varied  with  the  character  and  diffi¬ 
culty  of  the  work  assigned. 

The  work  assigned  to  this  division  was  completed  about  Novem¬ 
ber  1,  when  the  parties  were  directed  to  proceed  to  Pueblo,  Colorado, 
and  were  there  disbanded.  The  camp  equipage  and  field  material 
were  securely  packed  and  stored  and  the  animals  placed  in  winter 
quarters  near  Pueblo. 

Mr.  Johnson,  with  his  assistants,  was  then  directed  to  proceed  to 
Washington,  D.  C.,  for  office  work. 

Topography. — The  area  surveyed  by  the  Colorado  Division  lies  in 
the  drainage  basin  of  the  Arkansas  River  and  entirely  within  the 
limits  of  the  State  of  Colorado. 

The  topography  varies  from  rough,  rugged  mountains,  through 


300 


REPORT  OF  PROF.  A.  II.  THOMPSON. 


broken  foothills,  to  level  plains,  and  naturally  divides  into  two  dis¬ 
tinct  regions,  presenting  two  distinct  types  of  geographic  forms— 
mountains  and  plains— each  about  equal  in  area.  The  dividing  line 
is  sharp.  Some  atlas  sheets  present  both  forms,  with  all  the  varia¬ 
tions  through  which  the  one  passes  to  the  other.  The  most  promi¬ 
nent  feature  is  the  Arkansas  Valley,  stretching,  an  ever  widening 
area,  from  the  sources  of  the  river  in  the  northern  part  of  the  Lead- 
ville  sheet,  through  both  mountain  and  plains  area,  to  the  eastern 
line  of  the  work. 

The  Leadville,  Buena  Vista,  Arkansas  Hills,  Pike’s  Peak,  Rito 
Alto,  Canyon  City,  Huerfano  Park,  Culebra,  and  Trinidad  atlas  sheets 
are  all  in  the  mountain  region.  The  Colorado  Springs,  Pueblo, 
Walsenburg,  and  El  Moro  sheets  are  on  the  dividing  line,  and  pre¬ 
sent  the  topography  of  both  mountains  and  plains.  The  Twin 
Buttes,  Springfield,  Suffolk,  and  Sanborn  sheets  are  wholly  in  the 
plains  area. 

In  the  mountain  region  the  great  western  rim  of  the  Arkansas 
Valley  is  formed  by  three  of  the  highest  ranges  in  Colorado,  the 
Sawatch,  Sangre  del  Cristo,  and  Culebra,  each  having  summits 
reaching  over  14,000  feet  in  altitude,  and  scarcely  a  pass  is  below 
10,000.  These  ranges  stretch  in  an  irregular  segment  of  a  great  circle 
from  Tennessee  Pass  on  the  north  through  the  Leadville,  Buena 
Vista,  Rito  Alto,  and  Culebra  sheets  to  Boundary  Mountain,  just 
below  the  dividing  line  between  Colorado  and  New  Mexico  on  the 
south. 

The  northern  rim  of  the  valley  is  less  imposing  by  contrast  with 
its  western  rival,  and  is  less  regular  in  its  course. 

Having  the  same  point  of  origin  as  the  western  rim  (Tennessee 
Pass),  it  first  curves  northward  round  the  head  of  the  East  Fork  of 
the  Arkansas  River,  then  down  the  crest  of  the  Park  Range  round 
the  Arkansas  Hills  by  the  Chalcedony  Buttes  to  the  Rampart  Range, 
and  out  onto  the  plains  divide  between  the  Arkansas  and  the  South 
Platte  Rivers,  having  crossed  the  Leadville,  Buena  Vista,  Arkansas 
Hills,  and  Pike's  Peak  sheets. 

The  eastern  rim  is  formed  by  the  Rampart  Range,  the  irregular 
mass  of  Pikes  Peak,  standing  like  a  sentinel,  the  Wet  Mountain,  or 
Greenhorn  Range,  and  the  Spanish  Peaks,  all  rising  directly  from 
the  plains,  and  forming  a  wall  perhaps  more  distinct  and  imposing 
than  either  of  the  others.  The  area  included  by  these  walls  is  in  the 
shape  of  an  irregular  triangle,  its  apex  toward  the  west,  its  base 
opening  toward  the  east.  It  is  almost  bisected  by  the  river.  On 
the  western  side  of  the  valley  the  mountains  rise  higher,  their  slopes 
steeper,  the  draining  streams  are  more  numerous  and  have  cut 
deeper  channels  than  on  the  eastern,  where  the  country  presents 
more  the  broken  character  of  the  foothills. 

The  sources  of  the  Arkansas  River  are  among  mountains  rising 
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to  an  altitude  of  14,000  feet.  At  Canyon  City,  where  it  leaves  the 
mountain  region,  its  bed  has  descended  to  an  altitude  of  4,400  feet. 
Its  upper  course  is  in  a  narrow  valley  lying — except  at  its  lower 
extremity — at  too  great  an  altitude  for  successful  cultivation.  Its 
lower  course  is  through  close  canyons  having  walls  sometimes  rising 
nearly  3,000  feet  above  the  water’s  edge.  The  whole  mountain 
region  is  one  of  great  precipitation,  and  is  the  principal,  almost  the 
only,  source  of  the  water  which  the  river  bears  to  the  plains. 

The  Colorado  Springs,  Pueblo,  Walsenburg,  and  El  Moro  sheets 
present  a  varied  topography.  The  eastern  part  of  the  Colorado 
Springs  sheet  is  of  the  plains  type,  but  the  Avestern  part  is  moun¬ 
tainous,  rising  14,140  feet  to  the  summit  of  Pike’s  Peak.  In  the 
southern  part  of  this  sheet  the  mesa  form  of  topography  begins  to 
show.  The  most  of  the  Pueblo  sheet,  as  well  as  the  Walsenburg 
and  El  Moro  sheets,  is  of  this  character.  The  Springfield,  Twin 
Buttes,  Sanborn,  and  Suffolk  sheets  are  entirely  within  the  plains 
region  and  present  but  little  relief,  and  that  of  the  low  rolling  plains 
type. 

Forests. — The  area  of  forest  growth  containing  merchantable  tim¬ 
ber  or  that  fit  for  lumber  is  found  entirely  within  the  mountain  re¬ 
gion,  and  occurs  in  bodies  of  considerable  extent  on  the  slopes  of  all 
the  higher  ranges  included  in  the  Leadville,  Buena  Vista,  Bito  Alto 
Arkansas  Hills,  Pike’s  Peak,  Colorado  Springs,  Canyon  City,  Cule- 
bra,  and  Trinidad  sheets.  These  areas  have  all  been  carefully  noted 
by  the  topographers,  and  comprise  about  25  per  cent  of  the  whole. 
The  forest  growth  is  principally  of  pines  and  spruces,  not  covering 
the  ground  densely,  as  in  a  more  humid  region,  but  scattered.  Con¬ 
siderable  areas  of  a  forest  growth,  largely  composed  of  cedar  and 
pinon  pine,  and  available  only  for  firewood,  fencing,  and  other  farm¬ 
ing  purposes,  occur  throughout  the  mountain  region,  usually  at 
lower  altitudes  than  the  merchantable  timber,  and  extends  partly 
over  the  areas  embraced,  by  the  Pueblo,  Walsenburg  and  El  Moro 
sheets.  About  20  per  cent  of  the  area  is  thus  covered.  The  im¬ 
mediate  valleys  of  the  streams  in  both  mountain  and  plains  areas 
often  have  a  scattered  growth  of  cottonwoods. 

Reservoir  sites. — One  hundred  and  ten  possible  reservoir  sites  are 
reported  by  the  topographers  of  this  division,  including  those  on 
sheets  where  the  field  work  was  done  in  1888  but  the  office  work  in 
1889.  Six  of  these  are  existing  lakes. 

In  area  these  reservoirs  range  from  40  acres  to  several  square  miles, 
and  are  situated  at  elevations  varying  from  4,500  to  11,000  feet. 
They  are  usually  situated  in  the  valleys  of  the  streams  by  which  they 
would  be  filled,  and  would  be  formed  by  dams  built  at  eligible  loca¬ 
tions  across  the  channels. 

Quite  a  number  of  cases  are  reported  where  settling  reservoirs  might 
be  first  constructed,  and  the  waters  conducted  to  other  reservoirs  hav- 
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ing  smaller  drainage  area  and  where  the  danger  of  silting  np  would 
be  less,  but,  as  in  the  case  of  the  Calif ornia-Nevada  Division,  the 
topographers  probably  failed  to  note  many  of  these  auxiliary  sites. 
The  field  notes  made  by  the  topographers  will  furnish  sufficient  data 
to  judge  of  the  relative  importance  of  the  sites  reported. 

Few  reservoirs  have  been  constructed  throughout  this  region,  the 
waters  of  the  streams  used  for  irrigation  having  simply  been  turned' 
from  their  channels  by  diverting  dams. 

In  the  plains  region  quite  a  number  of  sites  are  reported  which 
would  be  filled  by  storm- waters  only. 

The  following  table  shows  the  number  of  possible  sites  reported 
on  each  sheet: 


Reservoir  sites  reported. 


Name  of  sheet. 


Leadville . 

Buena  Vista . 

Pike’s  Peak 
Colorado  Springs 

Pueblo . 

Canyon  City . 

Huerfano  Park . . 

Walsenburg . 

Trinidad . 

Culebra . 


No.  i 

Name  of  sheet. 

No. 

14 

Saguache . 

1 

6 

El  Moro . 

4 

7 

Apishapa . 

5 

2 

Nepesta . 

1 

10 

Gatlin . 

4 

9 

Timpas . 

1 

7 

Higbee . 

10 

4 

Las  Animas . 

5 

13 

7 

Total . 

110 

Classifying  these  reservoir  sites  by  the  drainage  basins  in  which 
they  are  situated,  and  counting  all  the  small  creeks  having  but  one 
site  each  and  flowing  directly  into  the  Arkansas,  and  also  reservoirs 
which  would  be  filled  by  canals  from  the  Arkansas  as  of  the  Arkan¬ 
sas  drainage,  there  are  in  the — 


South  Platte  River  Basin 

Grand  River  Basin . 

Arkansas  Basin . 

Fountain  Basin . 

St.  Charles  Basin . 

Huerfano  Basin  . 

Sangre  del  Christo  Basin 

Cuchara  Basin . 

Greenhorn  Basin . 

Purgatoire  Basin . 

Apishapa  Basin . 

Filled  by  storm  waters  . . 


4 

2 

39 

2 

3 

6 

2 

3 

3 

28 

9 

9 


Total 


110 


Irrigable  lands. — No  considerable  bodies  of  lands  susceptible  of 
successful  cultivation  were  noted  in  the  mountain  region  except  in 
the  immediate  neighborhood  of  steams  in  the  lower  portion  of  the 
Arkansas  Basin. 

In  the  plains  area  large  bodies  are  reported,  the  amount  being  far 
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in  excess  of  the  water  supply.  The  general  topographic  conditions 
and  probable  source  of  water  supply  were  noted  in  my  last  report.. 

IDAHO. 

As  no  topographic  work  had  ever  been  prosecuted  in  Idaho,  Mr. 
Griswold,  in  charge,  was  directed  to  first  measure  a  base  line  near 
Boise  City  to  form  a  linear  basis  for  his  operations. 

This  work  was  successfully  accomplished  in  July.  The  location 
chosen  for  the  line  was  on  the  mesa  near  the  railroad  station  south 
of  Boise  City.  The  ground  selected  was  first  cleared  of  sagebrush 
and,  all  undergrowth,  stakes  were  driven  at  regular  intervals  of  100 
feet,  their  tops  carefully  leveled,  and  the  distance  measured  both 
forward  and  backward  by  a  steel  tape  under  a  constant  strain  of  20 
pounds,  the  temperature  being  noted  at  every  stretch  of  the  tape  and 
the  contacts  accurately  made. 

These  measurements,  after  being  adjusted  for  error  in  length  of 
tape,  temperatue,  and  catenary  curve,  and  reduced  to  sea  level,  give 
a  result  of  25,066.3  feet  for  the  first  measurement  and  25,065‘9  feet 
for  the  second.  The  mean  of  this,  or  25,066  T  feet,  was  adopted 
for  the  correct  length  of  the  base,  a  system  of  triangles  expanded 
from  the  base  and  extended  over  the  whole  region  surveyed  be¬ 
tween  latitudes  43°  and  43°  30'  north  and  longitudes  115°  and  116° 
west,  and  comprising  two  atlas-sheet  areas,  which  were  named 
Mountain  Home  and  Camas  Prairie  sheets.  Owing  to  certain  to¬ 
pographic  peculiarities  it  was  found  impracticable  to  assign  com¬ 
plete  atlas  sheets  to  either  party,  so  the  triangulation  and  topography 
were  carried  on  jointly  by  both  Mr.  Perkins  and  Mr.  Griswold. 

The  field  work  proper  of  the  survey  of  the  area  assigned  was  com¬ 
pleted  November  1.  The  parties  then  proceeded  to  Boisd  City, 
were  disbanded,  their  camp  equipage  and  field  material  stored  at 
that  place,  and  the  animals  placed  in  winter  quarters. 

This  duty  performed,  •  Mr.  Perkins  was  ordered  to  proceed  to 
Washington,  D.  C.,  for  office  work,  but  Mr.  Griswold  was  instructed 
to  remain  and  assist  in  the  determination  of  the  latitude,  longitude, 
and  azimuth  of  the  base  line.  For  this  work,  Prof.  R.  S.  Wood¬ 
ward,  chief  geographer  of  the  Survey,  has  been  detailed.  He  was 
assisted  on  the  determination  of  the  longitude  by  Prof.  H.  S. 
Pritchett,  of  the  Washington  University,  St.  Louis.  Through  the 
courtesy  of  the  Western  Union  Telegraph  Company  the  use  of  their 
line  between  Boisd  City  and  Washington  University,  St.  Louis,  was 
obtained  for  the  exchange  of  time  signals.  Prof.  Woodward  arrived 
at  Boise  City  on  November  10  and  immediately  proceeded  to  work. 

Owing  to  unfavorable  weather  either  at  one  or  the  other  end  of 
the  line  exchanges  were  possible  only  on  three  nights  between 
November  12  and  December  1.  Good  results  were,  however,  ob¬ 
tained,  the  final  determination  of  the  longitude  being  116°  13'  04.04", 
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with  a  small  probable  error.  The  latitude  of  Boisd  City  was  deter¬ 
mined  by  the  method  of  zenith  distances,  observations  being  made 
on  twenty-six  pairs  of  stars  on  three  different  nights,  giving  a  result¬ 
ing  latitude  of  43°  35'  57.98",  with  a  probable  error  of  16".  The 
azimuth  of  the  base  line  was  determined  at  the  same  time,  giving  a 
result  west-east  base  of  307°  27'  17.16"  with  a  small  probable  error. 

Upon  the  completion  of  the  astronomical  observations,  Prof. 
Woodward  proceeded  to  Cisco,  Texas,  for  the  purpose  of  making  a 
latitude  and  longitude  determination  at  that  place,  and  Mr.  Gris¬ 
wold  was  directed  to  proceed  to  Washington  to  take  charge  of  the 
office  work. 

Topography.—' The  region  surveyed  lies  wholly  within  the  drainage 
basin  of  the  Snake  River,  and  presents  topography  of  both  mountains 
and  plains  type.  The  southern  part  of  the  Camas  Prairie  and  the 
southwestern  part  of  the  Mountain  Home  sheet  areas  are  on  the 
Snake  River  plain,  while  the  north  and  east  parts  of  these  sheets  are 
mountainous,  the  higher  peaks  rising  to  an  altitude  of  7,500  feet. 
These  mountains  spring  abruptly  from  the  plain,  are  arid  and  barren, 
and  drained  by  the  Boisd  River  and  smaller  tributaries  of  the  Snake, 
the  latter  generally  cutting  into  the  flanks  of  the  mountains  in  deep, 
narrow,  rock- walled  canyons,  dry  except  during  the  winter  months. 

The  most  striking  features  of  the  mountain  area  are  the  Boisd 
River  Canyon  and  the  high  circle-like  valleys  called  Smith,  Little 
Camas,  and  Camas  Prairies.  The  Boisd  River  flows  in  a  semicircle 
through  the  northern  part  of  each  sheet,  and  has  vertical  walls  some¬ 
times  rising  nearly  2,000 feet  above  the  water.  The  valley  is  narrow, 
but  the  fall  of  the  river  is  gentle.  The  “prairies”  lie  at  an  elevation 
of  about  5,000  feet,  an  altitude  too  great  in  this  latitude  for  success¬ 
ful  cultivation.  The  plains  region  presents  a  generally  level  surface, 
gently  sloping  to  the  southwest  and  cut  by  shallow  lines  of  drainage. 

Forests. — The  forest  area  of  this  region  is  confined  entirely  to  the 
mountains.  Only  two  small  bodies  of  merchantable  timber  are  found 
on  the  area  of  both  atlas  sheets,  but  perhaps  10  per  cent  of  the  area 
is  covered  by  a  shrubby  growth  of  cedar  and  pine,  fit  only  for  fire¬ 
wood  and  domestic  purposes.  Hardly  a  single  tree  grows  on  the 
plains,  the  exception  being  here  and  there  a  single  cottonwood;  but 
wherever  the  rock  is  covered  by  a  sufficient  depth  of  soil  these  plains 
are  covered  by  an  abundant  growth  of  sagebrush. 

Reservoir  sites. — Only  two  reservoir  sites  are  reported  by  the  to¬ 
pographers  within  the  area  surveyed,  and  these  are  small,  the  narrow 
canyons  with  steep  grades  furnishing  but  few  opportunities  for  the 
storage  of  water. 

Irrigable  lands. — No  irrigable  lands  are  reported  in  the  mountains, 
though  nearly  the  whole  of  the  plains  area  is  susceptible  of  cultiva¬ 
tion  if  a  supply  of  water  can  be  obtained. 
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MONTANA. 

The  organization  under  Mr.  Frank  Tweedy  at  work  in  Montana 
at  the  beginning  of  the  fiscal  year  was  composed  of  one  triangula¬ 
tion  and  topographic  party  under  Mr.  Tweedy  and  one  topographic 
party  under  Mr.  Ahern. 

The  region  assigned  this  division  was  that  lying  between  latitude 
43°  30'  and  46°  north  and  longitude  109°  and  110°  west.  The  two  at¬ 
las  sheets  which  include  this  area  were  named  respectively  Big  Tim¬ 
ber  and  Stillwater,  from  the  most  prominent  towns  within  their 
limits. 

In  addition  to  the  work  on  these  atlas  sheets,  Mr.  Tweedy  organ¬ 
ized  a  party,  placing  it  under  Mr.  Gove,  for  the  revision  and  survey, 
in  more  detail,  of  the  shores  of  the  Yellowstone  Lake  from  the  water 
line  to  an  elevation  of  8,000  feet.  As  it  was  impracticable  to  use 
animals  for  this  work,  two  boats  were  purchased  in  Chicago,  trans¬ 
ported  to  the  lake,  and  used  by  Mr.  Gove  to  convey  his  party  and 
supplies  to  points  necessary  in  the  prosecution  of  his  work.  By 
November  15  all  parties  had  completed  the  areas  assigned  them,  and 
they  were  directed  to  proceed  to  Livingston,  Montana,  where  they 
were  disbanded,  the  camp  equipage  stored,  and  the  animals  placed 
in  winter  quarters. 

Mr.  Tweedy,  with  his  assistants,  Mr.  Ahern  and  Mr.  Gove,  was 
then  directed  to  proceed  to  Washington,  D.  C.,  for  office  work. 

Topography . — The  general  character  of  the  area  surveyed  is  that  of 
an  eroded  mesa,  with  the  canyon  of  the  Yellowstone  River  cutting 
nearly  through  its  center  from  east  to  west,  though  the  extreme 
southwestern  portion  of  the  Big  Timber  sheet  presents  a  more  moun¬ 
tainous  character. 

The  Yellowstone  River  enters  the  Big  Timber  sheet  at  its  western 
boundary  at  an  altitude  of  3,900  feet  and  leaves  at  the  eastern  limit 
of  the  Stillwater  sheet  at  an  altitude  of  3,900  feet.  The  canyon  is 
narrow,  averaging  hardly  2  miles  in  width,  and  its  precipitous  walls 
rise  abruptly  from  its  level  floor  to  the  flat  surface  of  the  mesa  above. 
North  of  the  river  the  country  is  drained  by  the  Otter,  Sweet  Grass, 
and  Beaver  Creeks,  small  tributaries  to  the  Yellowstone. 

The  area  south  of  the  Yellowstone  is  drained  by  the  Boulder,  Still¬ 
water,  and  Bridger  Creeks,  which  enter  the  larger  valley  through 
narrow,  vertically  walled  canyons,  smaller  than  but  similar  to  the 
canyon  of  the  Yellowstone.  The  northeastern  corner  of  the  Still¬ 
water  sheet  is  within  the  drainage  basin  of  the  Musselshell  River 
and  presents  gentler  slopes  than  the  area  drained  by  the  tributaries 
of  the  Yellowrstone. 

Forests. — The  immediate  valleys  of  the  Yellowstone  and  its  larger 
tributaries  have  a  park-like  appearance,  due  to  the  frequent  occur¬ 
rence  of  groves  of  cottonwood.  South  of  the  river  50  per  cent  of 
11  GEOL.,  PT.  2 - 20 
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the  mesa  on  both  sheets  is  covered  by  a  growth  of  small  pines, 
spruces,  and  firs,  sometimes  furnishing  trees  of  sufficient  size  to  be 
used  for  lumber.  The  lake  basin  in  the  watershed  of  the  Mussel¬ 
shell,  in  the  northeastern  part  of  the  Stillwater,  is  almost  bare  of 
forest  growth. 

Reservoir  sites. — But  two  reservoir  sites  are  reported  by  the  topog¬ 
raphers  of  this  division  ;  both  are  on  the  Big  Timber  sheet,  one 
being  on  Otter  Creek,  and  the  other  on  Sweet  Grass  Creek. 

Irrigable  lands. — The  irrigable  lands  reported  by  the  topographers 
of  this  division  are  all  in  the  immediate  valleys  of  the  rivers  and  the 
Lake  Basin  on  the  drainage  of  the  Musselshell.  Along  the  Yellow¬ 
stone  River  the  area  of  irrigable  lands  averages  perhaps  2  miles  in 
width,  and  the  water  can  be  taken  from  the  river  by  simply  con¬ 
structing  diverting  dams,  and  can  be  conducted  almost  to  the  walls 
of  the  valley,  so  gentle  and  regular  is  the  slope.  In  the  Lake  Basin 
the  lands  appear  far  in  excess  of  the  probable  water  supply. 

NEW  MEXICO. 

The  area  assigned  to  the  division  of  New  Mexico  was  that  lying 
between  latitudes  35°  30'  and  36°  north  and  longitude  105°  30'  and 
106°  west,  comprising  three  atlas  sheets,  which  were  named  respec¬ 
tively,  from  the  larger  towns  within  their  limits,  the  Sante  F6,  Las 
Vegas,  and  Watrous  sheets.  The  organization  under  Mr.  Arthur  P. 
Davis  consisted  of  one  triangulation  party  under  his  own  immediate 
charge,  and  two  topographic  parties  under  charge  of  Messrs.  Bassett 
and  Lippincott.  This  organization  was  continued  till  the  close  of 
the  field  season. 

These  parties  had  completed  their  outfit  and  were  ready  to  take 
the  field  at  the  beginning*  of  the  fiscal  year,  and  they  prosecuted 
their  work  until  November  15,  when  the  area  assigned  them  was 
finished, ’the  parties  disbanded,  the  camp  equipage  stored  at  Las 
Vegas,  and  the  animals  placed  in  winter  quarters. 

Mr.  Davis,  with  his  assistants,  was  then  directed  to  proceed  to 
Washington,  D.  C.,  for  office  work. 

In  May,  1890,  it  was  decided  to  determine  the  latitude  and  longi¬ 
tude  of  some  point  in  Texas  for  the  purpose  of  locating  the  place 
where  the  one  hundred  and  fifth  meridian  of  west  longitude  crosses 
the  Rio  Grande  River.  Prof.  R.  S.  Woodward,  chief  geographer  of 
the  survey,  was  instructed  to  take  charge  of  this  work,  and  Mr. 
Arthur  P.  Davis  was  detailed  to  assist  him. 

For  the  purpose  of  determining  longitude  it  was  decided  to  ex¬ 
change  time  signals  with  St.  Louis,  and  the  services  of  Prof.  H.  S. 
Pritchett  of  the  Washington  University  were  procured  to  conduct  the 
necessary  observations  and  exchanges  at  that  place. 

Sierra  Blanca,  a  small  town  at  the  junction  of  the  Texas  and  Pa¬ 
cific  and  the  Southern  Pacific  Railroads,  was  selected  as  being  the 
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place  nearest  the  meridian  where  the  necessary  telegraphic  facilities 
could  be  obtained,  and  the  Western  Union  Telegraph  Company,  with 
its  usual  courtesy,  placed  its  line  at  our  disposal  for  the  work. 

Prof.  Woodward  commenced  operations  at  Sierra  Blanca  May  16, 
and  by  May  29  had  completed  the  necessary  observations.  He  was 
able  to  exchange  time  signals  with  Prof.  Pritchett  at  St.  Louis  on 
four  nights,  giving  to  the  observation  pier  at  Sierra  Blanca  the  re¬ 
sulting  longitude  of  105°  21'  2P96"  west.  During  this  time  Prof. 
Woodwaid  also  made  latitude  observations  by  the  method  of  zenith 
distances  on  28  different  pairs  of  stars  for  two  nights,  giving  as  the 
latitude  of  the  pier  43°  35'  57-98"  north.  The  astronomic  observa¬ 
tions  being  concluded,  Prof.  Woodward  returned  to  Washington, 
leaving  Mr.  Davis  to  locate  the  position  of  the  one  hundred  and  fifth 
meridian. 

To  accomplish  this,  Mr.  Davis  first  measured  a  short  base  line,  con¬ 
nected  it  with  the  pier  of  the  astronomic  station,  and  then  expanded 
a  series  of  triangles  to  the  eastward,  computing  liis  positions  as  he 
proceeded  until  the  meridian  was  reached.  The  point  thus  determined 
was  indicated  by  permanent  marks  and  an  azimuth  line  laid  out, 
which  was  extended  by  the  local  authorities  south  to  the  Rio  Grande 
River. 

Upon  the  completion  of  this  work  Mr.  Davis  was  directed  to  re¬ 
turn  to  Washington,  D.  C. 

Topography. — The  tppography  of  the  area  surveyed  by  the  New 
Mexico  division  is  of  both  the  mountain  and  plains  type,  nearly  the 
whole  of  the  Santa  Fe  and  the  west  half  the  Las  Vegas  sheets  being 
of  the  former,  the  east  half  of  the  Las  Vegas  and  all  of  the  Watrous 
sheets  of  the  latter. 

The  mountain  afea,  which  is  really  the  southern  continuation  of 
the  Culebra  Range  of  Colorado,  though  known  locally  as  the  Santa 
Fd  and  Vegas  Mountains,  is  drained  by  the  tributaries  of  the  Rio 
Grande,  Pecos,  and  Canadian  Rivers.  It  presents  the  general  fea¬ 
tures  of  two  short  ranges  united  at  the  northern  edge  of  the  Santa 
Fd  and  Las  Vegas  sheets,  terminating  separately  near  their  southern 
boundary  and  inclosing  a  segment  of  an  oval  basin  drained  by  the 
Pecos  River. 

The  western  rim  of  the  Pecos  basin,  or  the  Santa  Fd  Mountains, 
rises  to  an  altitude  of  over  12,000  feet.  Its  slopes  are  comparatively 
smooth  and  gentle,  descending  from  the  summits  into  the  valley  of 
the  Rio  Grande  River  on  the  west,  and  on  the  east  into  the  valley 
of  the  Pecos.  The  southern  extremity  of  this  rim  is  more  broken, 
often  presenting  mesa-like  forms.  The  draining  streams  of  the 
western  slope  are  all  small,  flow  in  valleys  rather  than  canyons,  and 
furnish  but  little  water  except  during  the  melting  of  the  snows. 
The  streams  of  the  eastern  slope  flowing  into  the  Pecos  River  are  of 
the  same  character  but  have  a  more  permanent  flow  of  water. 
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The  eastern  rim  of  the  basin,  or  the  Vegas  Mountains,  though 
rising  only  to  an  altitude  of  a  little  over  10,000  feet,  is  more  broken 
and  presents  somewhat  the  character  of  a  double  range,  with  drain¬ 
ing  streams  having  their  sources  in  the  higher  interior  range  and 
cutting  through  the  front  or  outer  one  in  narrow  canyons.  This  is 
an  especial  feature  of  the  northern  portion,  where  the  branches  of  the 
Mora  River  have  cut  the  front  range  into  a  maze  of  mesa-like  forms. 
The  plains  area  presents  the  general  features  of  a  level  region  bear¬ 
ing  mesas  and  crater-like  masses  of  volcanic  rock  on  its  surface. 
The  draining  streams  in  the  eastern  part  of  the  Watrous  sheet  have 
cut  narrow  canyons  with  comparatively  straight  vertical  walls. 

Forests. — A  large  part  of  the  mountain  area  on  the  Santa  Fd  sheet 
is  covered  by  a  forest  growth  suitable  for  milling  or  lumber  pur¬ 
poses,  pine  and  fir  being  the  principal  varieties. 

This  growth  is  not  dense,  but  thinly  scattered  over  nearly  the 
whole  region  between  the  altitude  of  8,000  feet  and  the  timber  line, 
which  is  here  about  11,000  feet. 

Below  8,000  feet  the  hills  and  mesas  are  usually  scantily  covered 
by  a  growth  of  cedar  and  pinon  pine,  fit  only  for  firewood  and  other 
domestic  uses. 

The  plains  area  is  destitute  of  trees,  except  a  few  cottonwoods 
along  the  immediate  valleys  of  the  streams. 

Reservoir  sites. — Eight  possible  reservoir  sites  of  considerable  area 
were  reported  by  the  topographers  within  the  limits  surveyed.  Two 
of  these  are  in  the  plains  region  on  the  Watrous  sheet,  four  in  the 
foothills  on  the  Las  Vegas  sheet,  and  two  in  the  mountains  on  the 
Santa  Fe  sheet.  Four  are  in  the  drainage  basin  of  the  Mora  River 
and  furnish  sufficient  capacity  to  store  all  the  waters  of  that  stream 
during  the  entire  year.  The  others  are  on  smaller  streams  and  have 
but  limited  catchment  areas. 

All  over  the  plains  region  are  numerous  depressions  that  are 
usually  converted  into  ponds  during  the  winter  months,  but  are  dry 
in  summer.  It  often  happens  that  a  number  of  these  could  be  easily 
connected  by  canals,  and  so  furnish  storage  for  considerable  bodies 
of  water.  The  contour  interval  of  the  maps  is  too  great  to  show 
more  than  the  principal  of  these  depressions. 

Irrigable  lands. — Within  the  mountain  region  considerable  areas 
of  irrigable  lands  are  reported  along  the  valley  of  the  Mora  and 
Pecos  Rivers.  At  least  75  per  cent  of  the  area  of  the  plains  region 
is  reported  good  fertile  land,  lying  at  such  altitudes  and  slopes  as 
permit  irrigation,  the  only  question  being  the  limited  water  supply. 
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SUMMARY. 

The  following  table  shows  the  locality  of  each  atlas  sheet,  the 
scale  upon  which  the  final  drawing  was  made,  the  intended  scale  for 
publication,  and  the  contour  intervals: 


State  or  Territory. 

Name. 

Scale 

of  drawing. 

Public 

scale. 

Contour  inter-  I 
val 

Truckee . 

1  m  —  1  inch . 

1:18500 

Feet. 

100 

Pvrn.mid  Peak . 

....  do . 

1:12500 

100 

Markleeville . 

....  do . 

1:12550 

100 

Carson . 

....do  . 

1:12500 

100 

....do . 

1:12500 

100 

...  .do . 

1:12500 

100 

Leadville . 

....  do . 

1:12500 

25,  50,  and  100 

Buena  Vista . 

....  do . 

1:12500 

25,  50,  and  100 

Arkansas  Hills . 

. . . .do . 

1:12500 

Rito  Alto . 

...do . 

1:12500 

25,  50,  and  100 
25,  50,  and  100 
25,  50,  anti  100 

....  do . 

1:12500 

Pueblo . 

....do . 

1:12500 

Canyon  City .  . 

....  do . 

1:12500 

25,  50,  and  100 

Huerfano  Park . 

...  .do . 

1:12500 

25,  50,  and  100 

...  .do . 

1:12500 

25,  50,  and  100 

. . .  .do . 

1:12500 

25,  50,  and  100 
25,  50,  and  100 

. . .  dq . 

1:12500 

Pike’s  Peak  . . 

...  .do . 

1:12500 

25,  50.  and  100 

El  Moro  . 

...  .do . 

1:12500 

100 

. . .  .do . 

1:12500 

25  and  50 

...  .do . 

1:12500 

25  and  50 

....  do . 

1:12500 

50 

Suffolk . 

....  do . 

1:12500 

25 

. . . .do . 

1:12500 

25 

Catlin . 

...  .do . 

1:12500 

25 

Springfield . 

....  do . 

1:12500 

25 

....  do . 

1:12500 

Nepesta . 

...  .do . 

1:12500 

25 

Arroya . 

....  do . 

1:12500 

25 

Twin  Butte  . 

...  .do . 

l:12o00 

25 

Apishapa. . 

...  .do . 

1:12500 

25 

Mountain  Home. . . 

...  .do . 

1:12500 

50 

Camas  Prairie . 

....  do . 

1:12500 

100 

Montana . 

Big  Timber . 

...  .do . 

1:12500 

50 

Stillwater  . 

...  .do . 

1:12500 

50 

Santa  F6 . 

...  .do . 

1:12500 

100 

Las  Vegas . 

...  .do . 

1:12500 

50 

....  do . 

1:12500 

50 

Las  Cruces . 

...  .do . 

l:12o00 

50 

La  Union . 

...  .do . 

1:12500 

50 
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RESERVOIR  SITES. 

The  following  table  shows  the  number  of  possible  reservoir  sites 
reported  by  each  division,  the  atlas  sheet  area,  and  drainage  basin 
within  which  each  is  situated: 


Division. 

Atlas  sheet  area. 

Number 

sites. 

In  drainage  basin  of — 

Number 

sites. 

Pyramid  Peak . 

17 

Walker  River,  Nev . 

5 

Nevada . 

Markleeville . 

28 

Carson  River,  Nev . 

24 

Carson . 

10 

Truckee  River,  Cal . 

12 

Truckee  . 

11 

Mokelumne  River,  Cal . 

13 

American  River,  Cal . 

12 

Yuba  River,  Cal . 

1 

Colorado . 

Leadville . 

14 

Buena  Vista . 

6 

Pike’s  Peak .  .... 

7 

South  Platte  River . 

4 

Colorado  Springs . 

2 

Grand  River 

2 

Pueblo . ~ . 

10 

Arkansas  River . 

39 

Canyon  City . 

9 

Fountain . 

2 

Huerfano  Park . 

St.  Charles . 

3 

Walseuburg . 

4 

Huerfano . 

6 

Trinidad . 

13 

Sangre  del  Cristo . . . 

2 

Culebra . 

7 

Cuchara . 

3 

Saguache . 

1 

Greenhorn . 

3 

El  Moro . 

4 

Purgatoire . 

28 

Apishapa . 

5 

Apishapa . 

9 

Nepesta . 

1 

Filled  by  storm  waters  .... 

9 

Catlin . 

4 

Timpas . 

1 

Higbee . 

10 

Las  Animas . 

5 

Idaho . 

Mountain  Home . 

2 

Lucky  Tom  Creek . . 

2 

Montana . 

Big  Timber . 

2 

Otter  Creek . 

1 

Sweet  Grass  Creek . 

i 

New  Mexico . . 

Santa  F6 . 

2 

Santa  Fe  River . 

i 

Las  V  egas . 

4 

Mora . 

4 

Watrous . 

2  ' 

Guttenas . 

2 

Las  Cruces . 

Escondido.  . . 

1 

Total . 

188 

FIELD  METHODS. 

CHARACTER  OF  THE  WORK. 

The  character  of  work  deemed  essential  for  the  requirements  of  the 
maps  of  the  Irrigation  Survey  was  set  forth  in  my  last  annual  report. 
It  embraced  the  correct  determination  of  the  drainage  areas  of  all 
streams  and  the  correct  representation  of  all  hypsometric  features 
by  means  of  contour  lines  representing  equal  vertical  intervals  and 
showing  absolute  and  relative  altitude  as  well  as  the. slope  of  all  sur¬ 
faces.  Certain  features  of  culture  were  also  added,  such  as  the  cor¬ 
rect  location  of  towns,  wagon-roads,  railroads,  and  the  larger  water- 
ditclies. 

No  attempt  has  been  made  to  make  these  maps  cadastral  in  char¬ 
acter,  though  where  the  scale  is  sufficiently  large  they  are  admirably 
adapted  to  serve  as  a  base  for  such  maps.  Neither  have  the  maps 
been  made  with  the  expectation  that  they  would  give  the  engineer 
all  the  details  necessary  for  the  estimates  for  the  construction  of  his 
works.  To  make  maps  with  that  degree  of  accuracy  would  be  to  in¬ 
crease  their  cost  to  a  prohibitory  amount.  Nor  does  the  constructing 
engineer  require  such  maps  except  for  a  narrow  area  along  the  im¬ 
mediate  line  of  his  work. 
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But  the  irrigation  engineer  does  require,  for  any  systematic  or 
comprehensive  investigation  of  the  problems  of  irrigation,  maps 
which  in  their  construction  shall  show  the  areas  of  the  drainage 
basins  of  the  steams,  the  slopes  of  the  declivities  of  their  watersheds, 
the  location  of  all  possible  reservoir  sites,  the  practicable  routes  for 
canal  lines,  locations  for  their  headworks,  and  the  situation  of  irri¬ 
gable  lands.  It  is  hardly  conceivable  that  an  investigation  worthy 
of  the  claim  to  be  scientific  and  comprehensive,  or  worthy  of  the 
patronage  of  a  great  Government,  could  be  made  without  these  data. 

Experience  has  shown  that  the  maps  constructed  by  the  topo¬ 
graphic  branch  of  the  Irrigation  Survey  do  furnish  just  such  infor¬ 
mation,  and  the  fact  that  they  are  the  very  first  material  to  be  called 
for  by  the  irrigation  engineer  is  ample  proof  that  their  value  is 
appreciated. 

The  field  work  of  all  the  divisions  was  conducted  essentially  by 
the  same  methods,  though  the  manner  of  its  execution  varied  with 
the  local  conditions.  It  consisted  in  the  determination  of  linear  dis¬ 
tances,  or  horizontal  control;  of  altitudes,  or  vertical  control ;  and  of 
the  conventional  representation  of  topographic  forms  after  the 
methods  explained  in  my  last  annual  report. 

In  the  Calif ornia-Nevada  and  Colorado  divisions  the  horizontal 
control  was  still  derived  from  the  primary  stations  of  the  transconti¬ 
nental  triangulation  of  the  Coast  and  Geodetic  Survey;  in  the  Idaho 
division,  from  the  base  line  measured  the  present  season  near  Bois£ 
City;  in  the  Montana  division,  from  the  stations  derived  from  the 
base  measured  by  the  U.  S.  Geological  Survey  near  Bozeman;  and 
in  the  New  Mexico  division,  from  stations  derived  from  a  base  line 
measured  by  the  U.  S.  Geological  Survey  near  Fort  Wingate. 

Plane-table  traverses,  using  the  compass  for  directions  and  some 
form  of  odometer  for  distances,  were  extensively  used  in  addition  to 
regular  triangulation  and  plane-table  work  from  stations.  All  pub¬ 
lic  roads,  streams,  cliff-edges,  valleys,  and  frequent  lines  across  the 
country  were  thus  traversed  and  the  whole  area  surveyed  covered 
by  a  network  of  accurately  determined  and  adjusted  distances. 

VERTICAL  CONTROL. 

The  altitudes  of  points  in  the  area  surveyed  were  determined  by 
horizontal  or  angular  leveling  or  by  the  use  of  aneroid  or  mercurial 
barometers.  In  all  cases  a  number  of  bench-marks  were  accurately 
located  on  each  atlas-sheet  area  by  leveling,  and  to  these  were  re¬ 
ferred  all  other  level  or  barometric  ’observations,  thus  reducing  the 
vertical  element  of  the  work  to  a  few  accurately  determined  points. 

REPRESENTATION. 

The  representation  of  topographic  forms  was  obtained  by  plane- 
table  sketching  from  all  the  stations  occupied  either  in  traverse  or 
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area  work.  This  sketching  was  done  in  contours  having  a  prescribed 
vertical  interval.  In  some  cases  the  topographer  performed  his  com¬ 
putations  in  the  field  and  located  the  contours  with  accuracy.  In 
other  cases  they  were  approximately  located  and  their  true  position 
determined  by  the  office  reduction  of  the  observation. 

OFFICE  WORK. 

Immediately  on  the  disbandment  of  the  field  parties  all  persons 
belonging  to  the  permanent  force  were  directed  to  report  at  the  office 
of  the  Geological  Survey  in  Washington.  District  of  Columbia,  for 
office  work.  This  force  was  organized  by  divisions,  as  in  the  field. 
Each  person  who  had  there  had  charge  of  a  division  retained  it  in  the 
office  work,  thus  securing  in  the  construction  of  the  maps  all  knowl¬ 
edge  gained  by  personal  observation  in  the  field. 

Before  the  close  of  the  fiscal  year  maps  of  the  areas  surveyed  by 
the  Calif ornia-Nevada,  Idaho,  Montana,  and  New  Mexico  divisions 
were  completed  ready  for  the  engraver,  and  in  addition  the  New 
Mexico  division  completed  the  office  work  of  the  La  Union  and  Las 
Cruces  sheets,  situated  on  the  Lower  Rio  Grande,  the  field  survey  of 
these  atlas-sheet  areas  having  been  made  the  previous  year. 

The  Colorado  division  had  all  the  office  work  of  what  was  practi¬ 
cally  two  field  seasons  to  do.  By  the  close  of  the  year,  however, 
maps  of  all  the  full  atlas-sheet  areas  in  which  the  field  survey  was 
entirely  made  were  completed  ready  for  the  engraver. 

Upon  the  completion  of  the  office  work  the  permanent  force  of  all 
the  divisions,  with  the  exception  of  the  Montana  division  and  Messrs. 
Bien  and  McKinney  of  the  Colorado  division,  were  directed  to  pro¬ 
ceed  to  the  field  and  organize  parties  for  work.  This  duty  is  now 
being  performed,  except  in  Colorado,  where  the  force  was  directed 
to  suspend  organization  temporarily  and  make  the  final  drawing  of 
the  fractional  portions  of  those  atlas-sheet  areas  of  which  the  field 
work  was  completed. 

I  herewith  transmit  a  map  showing  areas  surveyed  by  the  differ¬ 
ent  divisions  during  the  year. 

DISBURSEMENTS  OF  MONEY. 

The  disbursement  of  money  allotted  to  this  branch  was  under 
charge  of  Mr.  H.  C.  Rizer  during  the  entire  fiscal  year.  His  duties 
were  performed  at  the  field  office  established  at  Topeka,  Kansas,  and 
in  Washington,  District  of  Columbia. 

I  am,  very  respectfully,  your  obedient  servant, 

A.  H.  Thompson, 

Geographer. 

Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey. 
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Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk  U.  S. 
Geological  Survey ,  during  the  first  quarter  of  1890. 

[Appropriation  for  U.  S.  Geological  Survey— Irrigation  ] 


Date  of 

oj 

pay 

ment. 

55  o 
> 

To  whom  paid. 

For  what  paid 

Amount. 

1889 

July  31 

17 

Pay  roll  of  employes . 

Services,  July,  1889 

$1,431.29 
150. 00 
9.00 
29.00 
150. 00 
1,259.07 
103  70 
7.05 
56.30 
29.50 
192.  60 
29. 00 

31 

20 

Richard  J.  Hinton . 

Aug.  6 

31 

J.  S.  Topham . 

Material 

21 

39 

Pennsylvania  R.  R . 

31 

64 

Richard  J.  Hinton . 

Services,  August  1889 

31 

73 

Pay  roll  of  employes . 

Sept.  12 

86 

Denver  and  Rio  Grande  R.  R  . . 

Transportation  of  assistants 

12 

87 

Colorado  Midland  R.  R . 

.  .  .do . 

12 

90 

Northern  Pacific  R.  R . 

. .  do . 

13 

94 

Baltimore  and  Ohio  R.  R . 

. . .  .do . 

30 

107 

Northern  Pacific  R.  R . 

. . .  .do  .... 

30 

110 

Pennsylvania  R.  R . 

. . . .do . 

30 

113 

C.  A.  Kenaston . 

Pay,  August  and  September,  1889 . . . 
Pav,  September,  1889 

30 

119 

Richard  J.  Hinton . 

znv.  Uv 

150. 00 
1,196.55 
9.70 

30 

127 

Pay  roll  of  employes . 

. .  .do . 

30 

135 

Utah  Central  Ry . 

Transportation  of  assistants 

Total . 

Abstract  of  disbursements,  made  by  Mark  B.  Kerr,  disbursing  agent  U.  S.  Geolog¬ 
ical  Survey,  during  the  fourth  quarter  of  1889. 

[Irrigation— Immediately  available,  1889- ’90.] 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount 

1889. 
June  4 

1 

Pay  roll . 

Services,  May,  1889 

$235.  20 
604.90 
409. 20 
117. 10 
275.00 
250. 00 
281.40 
48. 21 
87. 05 
45.60 
6.10 

141.75 
193. 26 
283. 53 

36.46 
158. 38 
54.00 

28.75 
15.00 
12.00 

4.25 

21.00 

52.50 
152  50 

99.50 

4 

2 

—  do . 

4 

3 

_ do . 

4 

4 

_ do . 

4 

5 

A.  J.  Newman . 

Two  horses 

4 

6 

J.  &  J.  Ragcraft . 

4 

7 

Pay  roll . 

Services,  May,  1889 

4 

8 

E.  M.  Douglas . 

Field  expenses 

4 

9 

—  do . . 

do  . .  * . . . . 

4 

10 

R.  H.  Chapman . 

...  do . 

4 

11 

—  do . 

4 

12 

H.  M.  Wilson . 

Traveling  expenses 

6 

13 

John  W.  Hays . 

Field  i  xpenses. . 

6 

14 

_ do . 

6 

15 

...  do . 

6 

16 

Pay  roll . 

Services,  May  1889 

6 

17 

H.  M.  Wilson . 

Field  expenses 

6 

18 

G.  E.  Verrill . 

6 

19 

James  Meadows . 

Services,  May,  1889 

6 

20 

Ah  Lawk . 

6 

21 

G.  F.  Allen . 

.  do . 

r* 

4 

22 

Nephi  Johnson  . 

Services,  April,  1889  . 

7 

23 

Isaac  N.  Hager . 

Pasturage  * . 

7 

24 

W.  H.  Hyde . 

Wagons . 

7 

25 

H.  C.  Daugberg . 

Pasturage,  etc . 

7 

26 

Thomas  Clements . 

Storage . 

10.00 
75.40 
10.00 
47. 50 
13.75 
147. 08 
68. 77 
37.05 
29  55 

7 

27 

A.  T.  Kvle,  jr . 

Pasturage . 

7 

28 

Jacob  Klein . 

Storage,  etc . 

7 

29 

Charles  Smith . 

Board  and  lodging 

7 

30 

P.  V.  S.  Bartlett  . . 

Field  expenses!  . . 

7 

31 

G.  T.  Davis . 

Field  subsistence 

7 

32 

P.  H.  Peterson . . 

Forage . 

7 

33 

E.  B.  Rail . 

Field  supplies  . 

7 

34 

D.  G.  Kitzmeyer . 

Repairs . 

7 

35 

W.  S.  Montgomery . 

Pasturage  . . . 

55.87 

23.50 
15.60 

8.33 

58.50 
16.05 

7 

36 

R.  H.  Chapman  . . . 

7 

37 

J.  B.  Kendall . 

. .  do 

7 

38 

J.  H.  Boring  . 

Services,  April,  1889 

7 

39 

W.  T.  Griswold . 

Traveling  expenses 

7  1 

40 

R.  Henry  Phillips . 

...  do  g  p 

314 


IRRIGATION  SURVEY - SECOND  ANNUAL  REPORT. 


Abstract  of  disbursements  made  by  Mark  B.  Kerr ,  etc. — Continued, 

[irrigation — Immediately  available,  1889-’90.] 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1889. 
June  7 

41 

7 

42 

7 

43 

7 

44 

7 

45 

6 

46 

7 

47 

7 

48 

8 

49 

8 

50 

8 

51 

8 

52 

8 

53 

8 

54 

12 

55 

12 

56 

12 

57 

12 

58 

12 

59 

12 

60 

12 

61 

12 

62 

12 

63 

12 

64 

17 

65 

29 

66 

29 

67 

30 

68 

30 

69 

30 

70 

30 

71 

30 

72 

17 

73 

30 

74 

To  whom  paid. 


Stuart  &  McNair . 

McCutchen,  Payne  &  Co 

Sparks  Bros . 

. .  .do . 

R.  C.  McKinney . 

R.  Henry  Phillips . 

J.  H.  Boring . 

W.  T.  Griswold . 

G.  E.  Verrill . 

W.  D.  Tarreyson . 

W.  S.  Montgomery . 

R.  S.  Swift . 

H.  M.  Wilson . 

E.  M.  Douglas . 

Frank  Tweedy . 

_ do . 

Morris  Bien . 

R.  C.  McKinney . 

L.  G.  Stevenson . 

R.  B.  Marshall . 

Amos  Scott . 

Charles  E.  Ludlow . 

P.  W.  J.  Pefley . 

Peter  Soma . 

Willard  D.  Johnson  — 

Mark  B.  Kerr . 

_ do . 

A.  H.  Thompson  . 

R.  Henry  Phillips . 

_ do . 

Julien  J.  Mason . 

Alan  M.  Johnson . 

Wells,  Fargo  &  Co  . 
Sparks  Bros . 


Total . 


For  what  paid. 

Amount. 

25. 26 

15.32 

1,501.00 

1,507.00 

Traveling  expenses . 

16.50 

44.37 

16,75 

113.14 

31.28 

75. 75 

260.00 

300.00 

28.57 

54.34 

167. 00 

54.60 

19. 00 

110. 18 

16.00 

39.15 

75.00 

17.41 

76.00 

170. 00 

232.97 

149.55 

148. 30 

247.25 

62. 72 

36.55 

50. 00 

69.35 

7.00 

13. 50 

9, 980. 40 

Abstract  of  disbursements  made  by  Mark  B.  Kerr,  disbursing  agent  XJ.  S.  Geolog¬ 
ical  Survey,  during  the  first  quarter  of  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 
July  13 
13 

1 

2 

Field  expenses . 

$9.00 
2. 73 

do . . 

11.73 

Abstract  of  disbursements  made  by  P.  C.  Warman,  special  disbursing  agent  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 
Sept.  30 
30 
28 

1 

o 

3 

I  w  PowpII 

Traveling  expenses . 

?1 35. 30 
106.70 
3.72 

. .  .do . 

Telegrams . 

245.72 
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Abstract  of  disbursements  made  by  P.  H.  Christie ,  special  disbursing  agent  U.  S. 
Geological  Survey,  during  the  first  quarter  of  18t>0. 

[Irrigation— Immediately  available.  ] 


Date  of 

pay¬ 

ment. 

of 
13  o 
> 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 

Aug.  5 

1 

The  Roberts  Hardware  Co . 

Field  material .  . 

SI 40. 25 
133. 50 
13.66 
133. 19 
24.20 
12.00 
97.65 
10.00 
21  25 

5 

2 

Samuel  P.  Barbee . 

5 

3 

Schroter  &  Haines . 

Forage  . 

5 

4 

Grover  &  Ulrich . 

Subsistence  supplies . 

5 

5 

Wall  &  Pursell . 

5 

6 

Joseph  Werlen . 

F  orage 

July  20 

i 

J.  J.  Evans . 

Stationery 

20 

8 

Thomas  Day  &  Co . 

Field  supplies 

20 

9 

Samuel  C.  Partridge . 

i  hotographic  material . 

20 

10 

Lyman  Bridges . 

87.34 
257. 40 
59.70 
38.50 
65.00 
172. 80 
77.02 

8.50 
95.00 
67. 55 

15.25 
20.28 

146. 12 
20. 00 
167. 74 
151.60 

32.25 
52.42 
50.00 

24.25 
22.60 
19. 40 

12.75 
275. 84 

9. 40 
48.38 
137. 99 
175.00 
265.00 

30.90 
84.79 
52.36 
80.96 

110.73 

302. 70 

537. 50 
202. 20 
133. 18 

50.04 

86.75 
79.17 
82. 53 
57. 30 

14 ».  18 

21.25 
7. 10 

3.50 

239. 51 
337. 00 
173. 25 

75.00 

40.00 

55. 35 

45.35 

62.90 
462.00 
116.66 
287. 75 
153.00 
401.29 

41.93 

75.00 

200.00 

33.00 

27.70 
236.38 

30.55 

20 

11 

Neville  &  Co . 

20 

12 

John  Roach . 

Instruments . 

20 

13 

—  do . 

20 

14 

George  H.  Fuller . 

20 

15 

Ames  &  Detrick . 

Field  material 

20 

16 

W.  W.  Montague  &  Co . 

20 

17 

Edward  Denny  &  Co . 

Stationery . 

20 

18 

J.  P.  Mighett  &  Co . 

20 

19 

George  Sandow . 

Field  expenses . 

20 

20 

W.  R.  Mayfield . 

Traveling  expenses . 

20 

21 

Goldman  &  Co . 

27 

22 

Stuart  &  McNair . 

Field  material 

29 

23 

W.  W.  Follett . 

31 

24 

....  do . 

Services,  July  6  to  31,  1889 . 

Services.  July  1889 

31 

25 

P.  H.  Christie . 

31 

26 

O.  C.  Moorhead . 

31 

27 

Samuel  M.  Lee . 

31 

28 

Harold  M.  Dyar . 

Services,  July  i889 

31 

29 

S.  H.  Buchanan . 

Field  supplies 

31 

30 

Alexander  McKenzie . 

Field  expenses 

31 

31 

J.  Brown . 

Instruments 

31 

32 

Harold  M.  Dyar . 

Field  expenses 

31 

33 

Frank  R.  Coffin  &  Bro . 

Field  material .  . 

31 

34 

P.  E.  Harroun . 

31 

35 

_ do . 

31 

36 

George  T.  Quimby . 

Field  expenses 

31 

37 

Pay  roll . 

31 

38 

_ do . 

31 

39 

George  T.  Quimby . 

Traveling  expenses 

31 

40 

Andrew  J.  Wiley . 

Field  expenses 

31 

41 

Frank  R.  Coffin  &  Bro . 

....  do . 

31 

42 

Anderson  Bros . 

. . . .do . 

31 

43 

George  T.  Quimby . 

....  do . 

31 

44 

Pay  roll . . 

Services,  July  1889 

31 

45 

—  do . 

...  do  . . 

Aug.  5 

46 

Sumner  H.  Bodfish  . 

....  do . 

5 

47 

H.  M.  WiLon . 

Field  expenses 

5 

48 

W.  L.  Wilson . 

Services,  July,  1889 

5 

49 

H.  M.  Wilson . 

Field  expenses 

5 

50 

Bach,  Cory  &  Co . 

Subsistence  supplies 

5 

51 

Sumner  H.  Bodfish . 

Traveling  expenses 

6 

52 

L.  D.  Hopson . 

Field  expenses 

6 

53 

J.  B.  Williams . 

. ...  do . 

6 

54 

Traveling  expenses 

6 

55 

William  P.  Trowbridge . 

...  do . 

6 

56 

George  Sandow . 

...  do . 

6 

57 

Pay  roll . . . 

6 

58 

William  Ham  Hall . 

_ do . 

8 

59 

P.  H.  Christie . 

Field  expenses 

8 

60 

W.  A.  Farish . 

8 

61 

W.  W.  Sargeant . 

. .  do . 

8 

62 

R.  S.  Tarr . 

8 

63 

P.  H.  Christie . 

...  do . ; 

8 

64 

Pay  roll . 

8 

65 

_ do . 

...  do  . . 

8 

66 

George  E.  Curtis . 

. .  do . 

10 

10 

67 

68 

Sumner  H.  Bodfish . 

C.  E.  Dutton . 

Field  expenses . 

10 

69 

Pay  roll . 

Services,  July  1889 

10 

70 

S.  H.  Bodfish . 

Field  expenses 

10 

71 

Robert  Robertson . 

Services,  July,  1889 

10 

72 

W.  G.  Steel . 

Services,  May  17  to  July  20,  1889. . . . 
Field  expenses . . . 

10 

73 

Arthur  D.  Foote . 

10 

74 

J.  A.  Quinlan . 

Smithing  . . 

10 

75 

James  M.  Butcher . 

Rating  “tation . . 

10  1 

76 

E.  Meininger . 

Stationery . 
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Abstract  of  disbursements  made  by  P.  H.  Christie ,  etc. — Continued. 


[Irrigation— Immediately  available.] 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1889. 

Aug.  10 

77 

10 

78 

10 

79 

10 

80 

10 

81 

10 

82 

14 

83 

14 

84 

15 

85 

15 

86 

15 

87 

15 

88 

15 

89 

15 

90 

15 

91 

15 

91 

15 

93 

To  whom  paid. 


W.  H.  Lawrence  &  Co . 

Meguillet  &  Macrum  . 

Denver  Transit  and  Warehouse  Co.  . . 

E.  S.  Nettleton . 

...  do . 

Lallie  &  Bailey . 

Frank  Harrisoi . 

F.  H.  Newell . 

John  B.  Rogers . 

John  Martin .  . 

Stewart  S.  McKay . 

Truckee  Lumber  Co . . 

Pay  roll . 

W.  A.  Farish . 

Lyman  Bridges . 

Pay  roll . 

F.  H.  Newell  . 


Total 


For  what  paid. 

Amount. 

Stationery . . 

$36.30 

42.30 

20.00 

Field  expenses^ . 

Traveling  expenses . 

79.18 
27.40 
409. 50 

75. 00 

do  . 

126.40 

84.75 

11.29 

125. 43 

83. 85 

342. 70 

58.25 

4.82 

Services, “July,  1.  89 . 

140.78 

14.55 

10,000.00 

Abstract  of  disbursements  made  by  P.  H.  Christie,  etc. 


Date  of 
pay-  1 
ment. 

No.  of 
|  voucher. 

1889. 

Aug.  20  i 

94 

20 

95 

20 

96 

20 

97 

20 

98 

20 

99 

20 

100 

20 

101 

20 

102 

20 

103 

20 

104 

20 

105 

20 

106 

20 

107 

20 

108 

20 

109 

20 

110 

20 

111 

20 

112 

20 

113 

20 

114 

20 

115 

20 

116 

21 

117 

21 

118 

21 

119 

22 

120 

22 

121 

22 

122 

22 

123 

22 

124 

22 

125 

23 

1  126 

23 

'  127' 

26 

128 

26 

129 

26 

'  130 

26 

131 

27 

j  132 

26 

133 

27 

134 

27 

135 

27 

1  136 

To  whom  paid. 


A.  J.  Wiley  . . . . . . 

Anderson  Bros . . . 

Phil  A.  Manix . 

F.  K.  Walker . 

Anderson  Bros . 

W.  A.  Farish  . 

R.  P.  Irvin . 

Pay  roll . 

T.  M.  Bannon . 

Goldman  &  Co . 

Holmes  &  Lindsley . 

Robert  Robertson. .  .• . 

Wall  &  Pursell . 

Pay  roll . 

Alfred  Bacon . 

Pay  roll . 

Joslin  &  Park . 

Robert  Robertson . 

Samuel  P.  Barbee . 

The  Mitchell  Optical  and  Instru’t  Co . 

Joseph  Werlen  . 

Samuel  P.  Barbee . 

Grover  &  Ulrich . 

F.  H.  Newell . 

Robert  Robertson . 

George  T.  Quinby . 

T.  M.  Bannon . 

George  M.  Scott  &  Co . 

Henry  Reppe  &  Co . 

F.  H.  Newell . 

T.  M.  Bannon . 

Robert  Robertson . 

Walker  House . 

George  M.  Scott  &  Co . 

Francis  Bridges . . 

Charles  Imholz . 

L.  B.  Sheafe  . 

J.  M.  McKay . 

W.  G.  Irwin . 

Truckee  Lumber  Co . 

. . .  .do . 

S.  S.  Ferguson . 

Truckee  Lumber  Co . 


For  what  paid. 


Field  expenses . 

Field  supplies . 

. .  do . 

. .  .do . . 

. .  .do . 

Traveling  expenses . 

Services . 

—  do . 

_ do . 

Field  supplies . 

Field  material  . 

Traveling  expenses . 

Material  and  stock . 

Services . 

_ do . 

_ do . 

Instruments . 

Field  expenses . 

Field  material . 

Instruments . 

Forage  and  stock . 

Field  material . 

Subsistence  supplies  . 

Field  expenses . 

_ do . 

.  do . 

_ do . 

Field  material . 

_ do . 

Traveling  expenses . 

_ do . 

_ do . 

Subsistence . 

Field  material . 

Field  expenses . 

Services . 

Forage . . 

Smithing . 

Transportation  and  forage 

Subsistence  supplies . 

_ do . 

Transportation . 

Field  expenses  . 


Amount. 


$62. 96 

60.70 
50. 92 

85.55 
39.67 

20. 75 
50.00 

500.00 
75.00 
30. 14 
22.00 

40.75 
869. 00 
672.  23 

13.55 
531.76 

22,00 

174. 87 

81.25 
28.00 

70.25 
11.00 
70. 02 
54.27 
83.80 
77.51 
85.37 
13.35 
14. 95 
67.42 

24.70 
50. 85 
54.00 
18. 90 

11.55 
15. 48 
14.21 
30.00 
76.87 

124. 38 
215. 96 
15.00 
283.49 


!  Of 

y- 

nt. 

9. 

27 

27 

28 

28 

28 

28 

30 

30 

29 

31 

31 

31 

31 

31 

31 

31 

31 

31 

3 

3 

3 

3 

3 

3 

3 

7 

7 

7 

7 

7 

7 

7 

7 

7 

9 

9 

9 

9 

10 

10 

10 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

14 
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•act  of  disbursements  made  by  P.  H.  Christie,  etc.—  Continued. 


To  whom  paid, 


For  what  paid. 


Amount. 


William  M.  Heidenreich . 

Pay  roll .  ... 

L.  H.  Shortt  . 

. .  .do . 

R.  H.  Cowles . 

Nevada  House . 

John  Ra3rcraft . 

M.  Harris . 

Lemery  &  Fitzgerald . 

William  E.  Smith . 

Stewart  &  McKay . 

. .  .do  . 

Frank  Harrison . 

...  do . 

William  M.  Heidenreich . 

P.  H.  Christie . 

Pay  roll . 

...  do . 

Lawrence  Frey . 

Stewart  &  McNair . 

W.  W.  Follett . 

Robert  Adams . 

C.  W.  Dake . 

J.  M.  Short .  . 

Pay  roll . . 

Jacob  Radenbah . 

. .  .do . 

M.  Harris . 

Ellen  Raycraft . . . , . . . 

A.  G.  Small . 

L.  H.  Shortt . 

...  do . . . . 

R.  Gelatt . 

George  A.  Brown . 

John  Raycraft . 

F.  A.  Titus . 

Pay  roll . 

. .  do  . . 

C.  H.  Clapp . 

Pay  roll . 

. .  .do . 

E.  S.  Ritchie  &  Sons . 

E.  M.  Sleator .  . 

Pay  roll . 

Electrical  Supply  Co . 

Pay  roll . 

Frank  P.  Thwartes . 

Luther  Wagoner . 

Pay  roll . . 

Rich  Shumway . 

Sumner  H.  Bodfish . 

George  B.  Stiles . 

William  Donaldson . 

Pay  roll . 

...  do .  . 

A.  J.  Wiley . 

Frederick  K.  Walker . - 

Delano  &  Clay . 

Pay  roll . . . 

William  Ham  Hall . 

The  Bancroft  Co . 

George  Sandow . . 

Harold  vt.  Dyar . 

Peter  Melich . 

J.  B.  Williams . 

Pay  roll . 

Harold  M.  D.yar . 

. .  do . 

. .  .do . 

J.  W.  Mitchell . 

William  Ham  Hall . 

Curt  W.  Miller . 

.  .  do . 

P.  E.  Connor,  jr . 

Luther  Wagoner . 

William  P.  Trowbridge . 

Josiah  Pierce,  jr . 

James  Getz  &  Bro . 

C.  R.  Guthiel . 

Lyman  Bridges . 


Services.  July,  1889 . 

—  do . 

Field  expenses . 

—  do . 

Hire  of  transportation . 

Subsistence . 

Transportation . 

Forage  and  supplies . 

Subsistence . 

Forage . 

Subsistence,  etc . 

Subsistence . 

Field  expenses  . 

Services,  August,  1889  . 

. ...  do . 

do . 

_ do . 

. . .  do . 

Subsistence  supplies . 

—  do . 

Field  expenses . 

Services,  August  1  to  19,  1889 

Field  material . 

Field  supplies . 

Services,  August,  1889  . 

Subsistence  and  forage . 

.  .  .  do . 

Field  supplies . 

Subsistence . 

Forage  and  subsistence . 

Traveling  expenses . 

Field  expenses . 

Forage  and  transportation  . . . 

Field  expen  es . 

Forage  and  subsistence 
Hire  of  transportation  . 

Services,  August,  1889  . 

. . .  .do . 

Field  expenses . 

Services,  August,  1889  . 

—  do . 

Instruments . 

Maps . 

Services,  August,  1889  . 

Instruments . 

Services,  August,  1889 . 

Services,  July  16  to  22,  1889. . . 
Services,  July  27  to  31,  1889. . . 
Services,  August,  1889  . 

—  do . 

_ do . 

Field  expenses . 

Subsistence . 

Services,  August,  1889  . 

...  do . 

Field  expenses . 

Field  supplies . . 

...  do . 

Services,  August,  1889  . 

. .  .do  . . 

Stationery . 

Field  expenses . 

Traveling  expenses . 

Forage . 

Services,  August,  1889  .  . 

. .  .do . 

Traveling  expenses . 

. .  .do . 

Services,  August,  1889  . 

. .  .do . 

Traveling  expenses . 

Services,  July,  1889 . 

Services.  August,  1889 . 

Field  expenses . 

_ do . 

_ do . 

Traveling  expenses . 

Field  supplies . 

Traveling  expenses . 

Field  expenses . 


$40.00 
83.  69 
39. 85 

10.13 
101.25 
234.03 

30. 50 
32.  67 

5. 33 

27. 75 

32.77 
28.95 

186. 97 
75.00 
40.00 

151.60 
334. 95 
285. 00 
30. 00 

70. 26 
49.87 
18.39 
12. 60 

6.20 

705. 80 
52. 35 

136. 30 
120. 44 

13.66 
239. 03 

25.50 
26. 73 

18. 66 
86.60 

33. 50 

185. 80 
524.03 
528.54 

9.00 

597.73 

768. 49 

988. 50 
22.00 

496. 28 

16.50 
195.00 

11.29 
24. 19 

117. 57 
50.00 
202. 20 
109. 75 
83. 52 
490. 00 
314.34 

79. 78 

50.26 

63. 13 
460.00 
337.00 

11.64 
105. 91 

4. 75 
9  22 

100'.  00 
160.  64 

17. 30 
30.  60 
75.00 
50.00 
33. 15 
20.00 
20.00 
10. 17 

197. 97 
27.00 

92.75 

91.80 

13. 75 
22.21 
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Abstract  of  disbursements  made  by  P.  H.  Christie ,  etc. — Continued. 


Date  of 
pay¬ 
ment. 


a) 

6  § 
£  o 


To  whom  paid. 


For  what  paid. 


Amount. 


1889. 
Sept.  14 
16 
16 
16 
16 
16 
16 
16 
17 

17 

18 
18 
18 
18 
18 
19 
24 
24 
24 
24 
24 

24 
23 

25 
25 
25 
25 
25 
25 
25 
25 


25 

25 

25 

26 
26 
26 
26 
30 
80 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 


30 

30 


30 

30 

30 

80 

30 

30 

30 

80 

80 

30 

30 


217 

218 

219 

220 
221 
222 

223 

224 

225 

226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

232 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 


J.  J.  Evans . 

\  E.  M.  Boyle . 

I  Luther  Wagoner . 

E.  M.  Boyle . . . 

C.  R.  Guthiel . 

Francis  Bridges . 

William  P.  Trowbridge,  jr 

Francis  Bridges . 

George  A.  Brown . 

_ do . 

Burr  Jennings . 

F.  A.  Titus . 

j  L.  H.  Shortt . 

|  Lemery  &  Fitzgerald - 

L.  H.  Shorto . 

!  William  B.  Hooper . 

|  J.  B.  Williams . 

_ do . 

j  L.  D.  Hopson . 

N.  Arave  . . 

Harold  M.  Dyar . 

W.  A.  Farish . 

Henry  E.  Hemp . 

Goldman  &  Co . 

I  W.  A.  Farish . 

Pay  roll . 

H.  M.  Wilson . 

_ do . 

_ do . 

. .  . do . . 

E.  S.  Nettleton . 

E.  C.  Hawkins . 

Pay  roll . 

_ do . 

George  E.  Curtis . 

George  T.  Quinby . 

|  H.  S.  Davidson . 

Pay  roll . 

P.  H.  Christie . 

A.  D.  Foote . 

Pay  roll . 

....  do . 

E.  C.  Hawkins . 

E.  S.  Nettleton . 

William  Ham  Hall . 

Pay  roll . 

...  .do . 

- do . 

E.  C.  Hawkins . 

J.  W.  Mitchell . 

Harold  M.  Dyar . 

F.  H.  Newell  . 

T.  M.  Bannon . 

W.  W.  Follett . 

Pay  roll . 

....  do . 

Josiah  Pierce . 

C.  R.  Rockwood . 

W.  W.  Follett . 

_ do  . 

_ do . 

Edward  D.  Wickes . 

|  H.  M.  Wilson . 

H.  Savitree  Brady . 

H.  M.  Wilson . 

John  B.  Rogers . 

|  P.  P.  Dahl . 

j  A.  McGillis . 

L.  C.  Fraser . 

H.  M.  Wilson . 

John  B.  Rogers . 

F.  H.  Newell . 

Frank  Harrison . 

William  M.  Heidenreich  . 
Robert  Robertson . 

R.  P.  Irvin . 

F.  H.  Newell . 

T.  M.  Bannon . 

S.  H.  Bodfisli . 


Stationery . 

Services,  August  1  to  17,  1890 . 

Field  expenses . 

Traveling  expenses . 

Field  supplies . 

Field  expenses . 

. .  .do . 

Traveling  expenses . 

...  do . . 

Field  expenses . 

Traveling  expenses . . . 

Hire  of  transportation . 

Traveling  expenses . 

Subsistence . 

Field  expenses . 

Subsistence . 

Traveling  expenses . 

Field  expenses . 

_ do . 

_ do . 

_ do . 

_ do . 

Field  material . 

Field  supplies . 

Field  expenses . 

Services,  August,  1889  . 

Field  expenses . 

...  do . 

_ do . 

Services,  August,  1889 . 

_ do . 

_ do .  . 

_ do . 

_ do . 

_ do . 

_ do . 

Services,  July  19  to  31,  1889 . 

Services,  July^l889 . .  — 

Services.  September,  1889  . 

_ do . 

. . .  do . 

_ do . — 

_ do . 

_ do . 

_ do . . 

_ do . 

_ do . 

. .  .do . 

Traveling  expenses . 

Services,  September,  1889  . 

_ do . 

_ do . . 

_ do . . 

_ do . 

_ do . . . . . 

_ do . . 

_ do . 

Field  expenses . 

_ do . 

_ do . 

Traveling  expenses. .....  . 

Services,  September  2  to  9,  1889  _ 

Services,  September.  1889  . 

Services,  August  24  to  September 
25,  1889. 

Field  expenses . 

.  . .do . 

Field  supplies . 

Transportation . 

Office  rent . 

Field  expenses . 

. .  .do . 

Traveling  expenses . 

Services,  September,  1889  . 

_ do . 

. . .  .do . 

...  .do  . . . . . 

Field  expenses . . 

_ do . 

_ do .  . 


$18.22 

41.12 

206. 32 
3.00 
8.75 

123. 99 
36.63 
14.00 
29.25 

119.13 

3.50 

60.00 

12.50 

48.66 
20.69 

79.75 
146.05 

43. 66 

85. 30 
13.04 

136.40 
42.61 
74.00 

15.79 
40.95 

326. 40 

17.75 

47.45 

53.80 
202.20 
337. 00 
125. 00 
500.00 
342.70 

116.66 
75.00 
52. 41 

221.26 
146. 80 

244.60 
500.00 

392. 99 
125.00 
326. 00 
326.00 

370. 32 
281.65 
285.00 

35.30 
50.00 
75.00 

122. 20 
75.00 
200.00 
220. 00 
135,00 

130. 40 

121.40 
67. 58 

151.51 

14.15 

14.00 

195.60 
64.00 

58. 50 

53. 31 
54. 82 

155.00 
100. 00 
45.70 
30. 36 
51.73 
75. 00 
40.00 
75.00 
50.00 

119.82 

55.45 

211.82 


REPORT  OF  PROF.  A.  H.  THOMPSON, 


319 


Abstract  of  disbursements  made  by  P.  H.  Christie,  etc.— Continued. 


Date  of 
pay¬ 
ment. 

1  No.  of 
voucher. 

1 

To  whom  paid. 

For  what  paid. 

1889. 

Sept.  30 

296 

T.  M.  Bannon . 

30 

297 

Columbia  Phonograph  Co . 

Rent  of  phonograph 

30 

298 

Buff  &  Berger . ' . 

Instruments  . 

30 

299 

S.  H.  Bodfish . 

Field  expenses 

30 

300 

. .  do . 

Traveling  expenses . 

30 

301 

Robert  Robertson . 

Field  expenses . 

30 

302 

Rich  Sh  urn  way . 

Services,  September,  1889 . 

30 

303 

William  M.  Fitzhugh . 

Traveling  expenses . 

30 

304 

Hooper  &  Jennings . 

Subsistence  supplies 

30 

305 

Campbell  &  Stebbins . 

Field  supplies 

30 

306 

Frank  R.  Coffin  &  Bro . 

30 

307 

A.  J.  Wiley . 

Field  expenses 

30 

308 

Walker  House . 

30 

309 

W.  W.  Follett . 

Traveling  expenses 

30 

310 

Denver  Transit  and  Warehouse  Co. 

Rent  for^torage . 

30 

311 

E.  J.  Hall . 

30 

312 

S.  H.  Bodfish . 

Field  expenses . . . 

30 

313 

George  T.  Quimby . 

Traveling  expenses 

30 

314 

Anderson  Bros . . ' . 

Field  supplies  . 

30 

315 

Harold  M.  Dyar . 

Field  expenses . 

30 

316 

Pay  roll . 

30 

317 

_ do . 

30 

318 

H.  S.  Davidson . 

Field  expenses  . 

30 

319 

C.  R.  Rockwood . . 

30 

320 

The  Roberts  Hardware  Co . 

Field  supplies . 

30 

321 

W.  &  L.  E.  Gurley  . 

Instruments . 

30 

322 

—  do . 

Expressage. . 

30 

323 

G.  G.  Wright . 

Forage  . . 

30 

324 

John  T.  Oldham . 

Field  supplies 

30 

325 

Edward  S.  Snell . 

Traveling  expenses 

30 

326 

W.  &  L.  E.  Gurley . 

Instruments . . 

30 

327 

—  do . 

....  do . 

30 

328 

W.  W.  Montague  &  Co . 

Field  material. 

30 

329 

....  do  . . 

30 

330 

Main  &  Winchester . 

...  .do  ... . 

30 

331 

Edward  Denny  &  Co . 

Stationery . 

30 

332 

—  do .  . 

....  do . 

30 

333 

W.  &  L.  E.  Gurley . 

Instruments . . . 

30 

334 

L.  Hansel . ' . 

30 

335 

Austin  Bros . 

Field  supplies  . 

30 

336 

Edward  Denny  &  Co . 

Stationery . 

30 

337 

L.  D.  Hopson.". . 

30 

338 

The  Roberts  Hardware  Co . 

Field  supplies .... 

30 

&39 

E.  C.  Hawkins . 

Field  expenses . . . 

30 

340 

John  Kinna  &  Son . 

Instruments . 

Total . 

1 

Amount. 


22.40 

Si  o.oo 

32. 00 
75. 80 
71.  GO 
140. 21 
50.  GO 

46.55 

64.12 
105.82 

1G.28 
53.69 
61.00 

7.50 
40.00 
10.00 
114.87 
60.10 
26. 00 
141.08 
158. 33 
238. 00 
16.00 
9.00 
75. 10 

14.40 

8.25 

15. 90 
12.00 

18.50 

51.55 
49. 60 
48.83 
11.23 
50.00 

22.19 

27. 12 

36.55 

35.40 
33.72 
16. 68 

24.20 

6.40 

12.15 
35. 00 


27, 981.65 


Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent  U.  S.  Geological 
Survey,  during  the  first  quarter  of  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1889. 
July  8 

1 

H.  C.  Rizer . 

Traveling  expenses. . 

8 

2 

E.  T.  Perkins . 

.do. . 

8 

3 

E.  Shaw . 

8 

4 

A.  F.  Dunnington . 

8 

5 

Ewing  Speed . 

8 

6 

Redick  H.  McKee . 

8 

7 

Robert  Muldrow . 

8 

8 

Frank  E.  Gove . 

8 

9 

L.  H.  Cooper . 

. .  .do. . . 

8 

10 

Jeremiah  Ahern . 

.  ..do.. .  . 

8 

11 

MacGregor  Jenkins . 

....  do . 

8 

12 

Jeremiah  Ahern . 

Field  expenses  . 

8 

13 

Pay  roll . 

8 

14 

....  do . 

8 

15 

W.  H.  Edwards . 

Services,  May. 

8 

16 

Pay  roll . 

8 

17 

. . .  "do . 

8 

18 

H.  E.  Clermont  Feusier . 

Services,  June  “ . . 

Amount. 


$30. 35 
104. 15 

10. 50 
133.00 

84.00 
126. 75 

46.25 

25. 25 

80.20 

24.50 
97.95 

13. 40 

636. 48 
204. 99 
9.67 
377. 30 

322.40 
26.00 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


1 

Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1889. 

July  8 

19 

8 

20 

8 

21 

8 

22 

8 

23 

8 

24 

8 

25 

8 

26 

8 

27 

8 

28 

8 

29 

8 

30 

8 

31 

8 

32 

9 

33 

9 

34 

9 

35 

9 

36 

9 

37 

9 

38 

9 

39 

9 

40 

9 

41 

9 

42 

9 

43 

9 

44 

9 

45 

9 

46 

9 

47 

9 

48 

10 

49 

10 

50 

10 

51 

10 

52 

10 

53 

10 

54 

10 

55 

10 

56 

10 

57 

10 

58 

10 

59 

10 

60 

10 

61 

10 

62 

10 

63 

11 

64 

11 

65 

11 

66 

11 

67 

11 

68 

11 

69 

11 

70 

11 

71 

11 

72 

11 

73 

11 

74 

11 

75 

11 

76 

11 

77 

12 

78 

12 

79 

12 

80 

12 

81 

12 

82 

12 

83 

12 

84 

12 

85 

12 

86 

13 

87 

13 

88 

13 

89 

13 

90 

13 

91 

13 

72 

13 

93 

13 

94 

13 

95 

13 

96 

15 

97 

To  whom  paid. 


For  what  paid. 


Amount. 


Monroe  Sonnichsen . 

A.  Navarrine . 

Pay  roll . 

...  do . 

. .  .do . 

...  do . 

...  do . 

...  do . 

Nephi  Johnson . 

Pay  roll . 

J.  C.  McGuire . 

Pay  roll . 

_ do . 

. . .  .do . 

E.  M.  Douglas . 

L.  Landecker . 

James  Booland . 

J.  W.  Keenan . 

S.  G.  Beach  &  Co . 

J.  W.  Deuch . 

Eli  Williams . 

Thomas  Alderson . 

J.  W.  Deuch . 

N.  Wonderly . 

L.  Landecker . 

_ do . 

_ do . 

E.  B.  Rail . 

E.  J.  Owenhouse . 

Carver  Mercantile  Co  ... . 

G.  E.  Verrill . 

Weatherwax  &  Morey  . . . 
_ do . 

R.  C.  McKinney . 

McCutcheon,  Payne  &  Co 

W.  T.  Griswold . 

Warren  H.  Mooers . 

S.  C.  Gallup . 

...  do . 

R.  H.  Chapman . 

Morris  Bien . 

. . .  .do . 

F-ed  Y.  Wilson . 

George  Davis . 

John  J.  Rogers . 

F'-ank  Tweedy . 

W.  T.  Griswold . 

G.  E.  Verrill . 

Spratlen  &  Anderson. .  . . 

—  do . 

W.  T.  Griswold . 

William  A.  Korts . 

W.  H.  Ridenbaugh . 

Frank  R.  Coffin  &  Bro  .  . 

. . .  .do . . . 

Peter  Sonna . 

H  C.  Rizer . 

W.  S.  Parrett . 

L.  Landecker . 

A.  P.  Davis . 

_ do . 

Cartwright  &  Griswold . . . 

A.  F.  Dunnington . 

Redick  H.  McKee . 

R.  H.  Chapman . 

G.  E.  Verrill . 

E.  T.  Perkins . 

Gerald  F.  Sherman . 

J.  B.  Lippincott . 

W.  P.  Rowe . 

Julien  J.  Mason . 

Alan  M.  Johnson . 

Charles  C.  Bassett . 

Pay  roll . 

G.  E.  Verrill . 

A.  H.  Thompsou . 

_ do . 

_ do . 

R.  Henry  Phillips . 


Services,  April  27  to  May  31 

Services,  May . . 

California  party  for  June. . . 
Montana  party  for  June. . . . 
Colorado  party  for  June — 

Nevada  party  for  June . 

_ do . 

New  Mexico  party  for  June 

Services  in  May . 

New  Mexico  party,  June.. . . 

Traveling  expenses . 

Colorado  party,  June . 

_ do . 

New  Mexico  party,  June  . . . 

Field  expenses . 

Supplies . 

Board  ana  lodging . 

Material . 

_ do . 

. . . .  do . 

.  .do . 

_ do . . . 

...  do . 

_ do . 

Material  and  supplies . 

Field  supplies . 

_ do . 

Material . 

_ do . 

Supplies  and  material . 

Field  expenses . 

Material . 

_ do . 

Field  expenses . 

Forage . 

Field  expenses . 

Forage . 

Material . 

_ do . 

Field  expenses  . 

_ do . 

. .  .do . 

_ do . 

Pasturage . 

Material . 

Field  expenses . . 

_ do . 

....  do . 

Supplies . 

...  do . 

Field  expenses . 

Services,  June . 

Material . 

...do . 

. . .  .do . 

_ do . 

Services,  June . 

Supplies . 

_ do . 

Field  expenses . 

Traveling  expenses . 

Supplies . 

Field  expenses . 

_ do . 

_ do . 

_ do . 

_ do . 

Services,  June . 

Traveling  expenses . 

Material . 

Traveling  expenses . 

_ do . 

_ do . 

Colorado  party,  June . 

Field  expenses . 

Traveling  expenses . 

_ do . 

_ do . 

Field  expenses . 


$56. 66 

33.87 
777. 19 
363. 29 

345.40 
96.00 

314.70 

59.00 

45.00 

224.80 

68.40 

594. 80 
225.66 

232. 40 
88. 53 

104. 26 
20.00 
20.00 
30.00 

107.45 
18.00 

19.30 
31.84 

356. 35 

20. 42 
166. 88 
100.51 
188.60 

103. 15 

185.90 

24.50 

40.50 
30.37 

67.87 
5.47 

104. 91 
12.00 

179.38 

473. 15 
49.20 

44.95 

177. 16 

12.40 

49. 30 

89.40 
84.68 

19. 80 
35. 86 
99. 27 

119.45 
340.56 

11.67 

15.70 

65.43 

18. 95 

35. 70 

96.70 

28. 71 

66.80 

62. 75 
79.15 
47.  &5 

58. 75 
35. 99 
88.55 

104. 13 
12.80 
16.00 
41.80 
68.00 

21.50 
21.00 

23.60 

199. 30 

14.75 
106. 12 

88.00 
156. 66 

61.60 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 

July  1G 

98 

R.  Henry  Phillips . 

Traveling  expenses . 

$37. 85 

23 

99 

D.  G.  Kitzmeyer . 

Material . 

82  75 

24 

100 

W.  D.  Torreyson . 

Labor  and  material . 

31  00 

24 

101 

F.  M.  Douglas  . 

Field  expenses . 

20  25 

24 

102 

L.  B.  Brett . 

Material . 

3  95 

24 

103 

H.  C.  Rizer . 

Traveling  expenses . 

17  50 

24 

104 

A.  C.  Laudenslager . 

Supplies" ...  * . 

53. 67 

24 

105 

Cartwright  &  Griswold . 

. . .  do . . . 

56  85 

24 

106 

Charles  W.  Friend . 

Services,  June . 

50  00 

24 

107 

E.  M.  Douglas . 

Field  expenses . 

84  33 

25 

108 

....  do . . . 

. . .  do. . .? . 

36  09 

25 

109 

W.  D.  Torreyson . 

Labor  and  material . 

22.00 

20 

110 

Paul  Pouliot . 

Boats . 

63  00 

25 

111 

A.  H.  Thompson . 

Traveling  expenses . . 

71.25 

25 

112 

P.  Henry  Phillips  . 

Services, "July,  1889 . 

40  76 

26 

113 

J.  W.  Hayes . 

Field  expenses . 

602.27 

26 

114 

R.  C.  McKinney . 

....  do. . .  ? . 

152. 76 

26 

115 

J.  H.  Boring . 

. . .  .do . 

10.50 

27 

116 

H.  F  Clermont  Feusier . 

. . .  do . 

59  38 

27 

117 

Pay  roll . 

Colorado  party  for  July,  1889. . 

386  44 

31 

118 

A.  H.  Thompson . 

Services  for  July,  1889 . 

252. 70 

29 

119 

Traveling  expenses . 

5.90 

29 

120 

A.  F.  Dunnington . 

Field  expenses . 

54.10 

29 

121 

W.  H.  Prouty 

Supplies . 

63. 53 

31 

122 

H.  O.  Rizer 

Services,  July,  1889 . . 

185. 30 

31 

123 

Pay  roll  . 

New  Mexico  party,  July,  1889 . 

799.27 

31 

124 

. . .  "do . 

Nevada  party,  July,  1889  . 

290.60 

31 

125 

. . .  .do . . 

576. 15 

31 

126 

. . .do. . . 

Montana  party,  July,  1889 . 

391.60 

31 

127 

.  . . do . 

Idaho  party,  July,  1889  . 

358.50 

31 

128 

. .  .do . 

....  do.  .*  .  . 

312. 90 

31 

129 

do . 

Colorado  party,  July,  1889 . 

391. 10 

31 

130 

. . . do . 

. . .  .do . * . 

228.50 

31 

131 

. .  do . 

....  do . 

270.60 

31 

132 

....  do . 

. . .  .do . 

100.00 

31 

133 

. . . do . 

. . .  do . 

211.75 

31 

134 

. . . .do . 

Nevada  party,  July,  1889 . 

202. 20 

31 

135 

...  .do . 

Colorado  party,  July,  1889 . 

291.10 

31 

136 

C.  H.  Fitch . 

Field  expenses . 

51.55 

31 

137 

J.  O.  McGuire  . 

Services,  July,  1889 . 

24.18 

31 

138 

William  A.  Kortz . 

. . .  .do . 

25.00 

31 

139 

Paul  Holman . 

. . . .do . 

70.80 

31 

140 

R.  H.  Chapman . 

Field  expenses . 

31.45 

31 

141 

George  T.  Davis . 

Supplies . 

66.78 

Aug.  1 

142 

. . .  do . 

110.55 

i 

143 

Reaser  Bros . 

Forage . 

62. 30 

i 

144 

S.  C.  Gallup . 

Material . 

238. 57 

i 

145 

. . . do . 

. . . .do . 

172. 92 

i 

146 

Simons  &  Mix . 

Labor  and  material . 

160. 70 

i 

147 

Cartwright  &  Griswold . 

Supplies . 

22.25 

i 

148 

Spratlen  &  Anderson . 

. . .  .do . 

722. 09 

i 

149 

Willard  D.  Johnson . 

Field  expenses . 

247.41 

i 

150 

. . . do . 

. . .  .do. . . * .  . 

640.20 

2 

151 

do . ■ . 

....  do .  . 

21.45 

2 

152 

.  do . . . 

.  .  .do . 

16. 95 

2 

153 

Rediek  H.  MeKee 

. . .  .do . 

9.70 

2 

154 

. . .  .do . 

7.40 

2 

155 

. . .  do . 

36. 15 

2 

156 

G  E  Verrill. 

...  do . 

44.03 

2 

157 

. . .  do . 

56.61 

3 

158 

. .  .do . 

33. 41 

3 

159 

. . .  .do . 

38. 16 

3 

160 

Morris  Bien . 

. . . .do . 

196. 99 

3 

161 

C  H  Fitch 

. . .  do . 

49.90 

3 

162 

. . . do . 

80. 81 

3 

163 

Supplies . 

57. 53 

3 

164 

Pay  roll . 

Montana  party  for  July,  1889 . 

361.10 

5 

165 

Carver  Mercantile  Co  . . . 

Supplies . 

60.23 

5 

166 

Fielcl  expenses . 

24.50 

5 

167 

do . 

Traveling  expenses . 

5.30 

5 

168 

Colorado" party  for  July,  1889 . 

207. 90 

5 

169 

do  . 

Nevada  party  for  July,  1889  . 

352. 90 

5 

170 

Field  expenses . 

105. 92 

5 

171 

Pay  roll . 

Nevada  party  for  July,  1889  . 

296. 10 

6 

172 

Field  expenses . 

28.29 

6 

173 

. .  .do . 

62. 68 

6 

174 

. .  .do . 

189. 00 

6 

175 

75. 15 

6 

176 

William  S.  Post . 

263.29 

11  GEOL.,  PT.  2 - 21 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 

177 

TT  F,  Clermont  Feusier . 

Field  expenses . : . . . 

$31.96 

7 

178 

. . .  .do. . .  * . 

206.48 

7 

179 

. . .  .do . . 

65.05 

8 

180 

.  .do . 

125. 61 

8 

181 

....  do . . 

37.92 

8 

182 

Material . 

6.00 

9 

183 

Supplies . 

59.92 

9 

184 

Field  expenses . 

159. 10 

10 

185 

G  E.  Verrill  . 

. . .  .do. . .  ? . 

18.90 

10 

186 

....  do . 

55.87 

10 

187 

Carver  Mercantile  Co . 

Supplies  . 

126. 03 

12 

188 

E.  Shaw 

Services . 

23.34 

12 

189 

Field  expenses . 

33.50 

12 

190 

Reeves  &  Co  . 

Forage . 

31.44 

13 

191 

H.  E.  Clermont'Feusier . 

Field  expenses . . 

119.32 

14 

192 

Storage . 

15.00 

14 

193 

Robert  A.  Farmer. . . 

Field  expenses . 

23.12 

14 

194 

A.  H.  Thompson . 

Traveling  expenses . 

75.35 

14 

195 

E.  T.  Perkins,  jr . 

Field  expenses . 

56.97 

15 

196 

Services . 

12.00 

15 

197 

Redick  H.  McKee  . 

Field  expenses . 

37.70 

15 

198 

...  do . 

....  do . . . 

26.95 

15 

199 

E.  M.  Douglas.  ... 

. . .  .do . 

261.52 

17 

200 

P.  V.  S.  Bartiett . 

Traveling  expenses . 

4.50 

17 

201 

A.  H.  Thompson . 

Field  expenses  . 

17.85 

19 

202 

Ewing  Speed . 

Services . 

50.00 

19 

203 

S.  M.  Fitzgerald . 

Transportation . 

107.00 

19 

204 

E.  T.  Perkins,  jr . 

Field  expenses . 

92.80 

19 

205 

...  do . 

....  do. . . ' . 

31.45 

19 

206 

A.  C.  Barclay  . . 

. . .  .do . 

39.83 

19 

207 

H.  E.  Clermont  Feusier  . 

. . . .do . 

33.47 

19 

208 

G.  E  Verrill 

47.08 

20 

209 

R.  H.  Chapman . 

_ do . 

59. 50 

21 

210 

Stuart  P.  Johnson . 

....  do . 

214.00 

23 

211 

W.  T.  Griswold  . 

. . .  .do . 

65.30 

24 

212 

A.  F.  Dunnington . 

Services . 

151.60 

24 

213 

.  .do . 7 . . 

Field  expenses . 

63.40 

24 

214 

H.  E.  Clermont  Feusier  . 

. . . .do . 

38.80 

26 

215 

Robert  A.  Farmer. 

. . . .do . 

32.49 

26 

216 

E.  T.  Perkins . 

. . .  do . 

26  40 

26 

217 

Spratlen  &  Anderson  . 

Supplies  . 

50. 50 

26 

218 

C.  H.  Fitch . 

Field  expenses . 

112.11 

27 

219 

Albert  J.  Dockwiller  . . 

Services . 

48.00 

27 

220 

Cartwright  &  Griswold ...  . 

Supplies . 

84.66 

28 

221 

William  Balander . 

Material . 

23.50 

28 

222 

W.  A.  McKenzie . 

. . .  .do . 

30.80 

28 

223 

Arthur  Bishop . 

Supplies . 

21.40 

28 

224 

George  Chase . 

Labor  and  material . 

74. 70 

28 

225 

G.  E.  Verrill . 

Field  expenses . 

173. 82 

28 

226 

Morris  Bien . 

. . .  .do. . . ? . 

166. 39 

31 

227 

A.  H.  Thompson . 

Services . 

252.70 

31 

228 

H.  C.  Rizer . 

. . .  do . 

185  30 

31 

229 

Pay  roll  for  August . 

Nevada  party . 

263.50 

31 

230 

. . .  .do . r . 

Colorado  party . 

896. 60 

31 

231 

...  .do . 

N  e  vada  party . 

202.20 

31 

232 

_ do  . 

332. 35 

31 

233 

....  do . 

. . .  .do . 

423.70 

31 

234 

....  do . 

. .  .do . 

326  40 

31 

235 

....  do . . 

Idaho  party . 

362  90 

31 

236 

....  do . 

Nevada  party .  , 

431  60 

Sept.  3 

237 

Redick  H.  McKee . 

Field  expenses . 

40. 12 

3 

238 

...  .do . 

_ do . 

37  90 

28 

239 

E  M.  Douglas . 

11.82 

Total . 

30,000.00 

REPORT  OF  PROF.  A.  H.  THOMPSON, 


323 


Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  the  first  quarter  of  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

1889. 
Sept.  3 

1 

Pay  roll  for  August . 

Colorado  party . 

3 

2 

_ do . 

New  Mexico  patty 

3 

3 

—  do . 

Colorado  party 

3 

.  4 

- do . 

3 

5 

...  do . 

Idaho  party. 

3 

6 

_ do . T 

Montana  party 

3 

7 

—  do . 

New  Mexico  party. 

3 

8 

—  do . 

Colorado  party 

3 

9 

A.  F.  Dunnington . 

Field  expenses 

3 

10 

4 

11 

John  W.  Hays . 

4 

12 

Pay  roll  for  August . 

Colorado  party. . 

4 

13 

Frank  Tweedy . 

Field  expenses 

5 

14 

Stuart  P.  Johnson . 

5 

15 

Harry  King . 

Traveling  expenses 

6 

16 

William  S.'Post . 

Field  expenses  . . 

7 

17 

John  Hatch . 

Traveling  expenses 

7 

18 

Pay  roll  for  August . 

Colorado  party . 

7 

19 

Reeves  &  Co . . 

Forage. .  '....” 

7 

20 

S.  C.  Gallup . 

Material . 

7 

21 

P.  V.  S.  Bartlett . 

Field  expenses  . 

7 

22 

E.  M.  Douglas . 

7 

23 

Pay  roll  for  August . 

Colorado  party .... 

9 

24 

D.  Johnson . 

Board  and' lodging. . . . 

9 

25 

A.  F.  Dunnington . 

Field  expenses. . . 

10 

26 

R.  C.  McKinney . 

10 

27 

H.  E.  Clermont  Feusier . 

10 

28 

C.  C.  Bassett . 

10 

29 

Alex.  C.  Barclay . 

10 

30 

W.  T.  Griswold." . 

10 

31 

Jeremiah  Ahern . 

11 

32 

E.  T.  Perkins . 

...  do . 

11 

33 

A.  Leitz  &  Co . 

Material . 

11 

34 

G.  E.  Verrill . 

Field  expenses 

11 

35 

Robert  A.  Farmer . 

_ do . 

11 

36 

Redick  H.  McKee . 

12 

37 

Morris  Bien . 

...  .do . 

12 

38 

H.  E.  Clermont  Feusier . 

...  .do . 

13 

39 

G.  T.  Davis . . .  . 

Supplies . 

13 

40 

R.  H.  Chapman . 

Field  expenses 

13 

41 

A.  H.  Thompson . 

Traveling  expenses . 

13 

42 

William  A.  Korts . 

Services,  August,  1889 

14 

43 

A.  F.  Dunnington . 

Field  expenses . 

14 

44 

J.  L.  Van  Arsdell . 

Forage. .' . 

14 

45 

Reaser  Bros . 

....  do". . 

14 

46 

A.  P.  Davis . 

Field  expenses . . 

16 

47 

Philip  Standley  Twells . 

Services^  September  1  to  8,  1889  _ 

16 

48 

D.  L.  Williams . 

....  do . 

16 

49 

Payroll  for  August . 

Montana  party . 

16 

50 

C.  "C.  Bassett. . .“ . 

Field  expenses  .... 

16 

51 

J.  A.  Edwards . 

Services,  August  8  to  31  1889 

16 

52 

John  Hatch . 

Services.  August  12  to  31  1889 

17 

53 

J.  W.  Deuch . 

Material ...  .7 . 

17 

54 

John  W.  Hays . 

Field  expenses. . . 

17 

55 

Philip  Sawyer . . 

Services,  August,  1889 

17 

56 

R.  C."  McKinney . 

Field  expenses  .  ... 

17 

57 

Arthur  Marshall . 

Services'  September  1  to  7,  1889  ... 

17 

58 

E.  E.  Handley . 

Services,  September  1  to  14,  1889  . 

17 

59 

E.  T.  Perkins,  jr . 

Field  expenses . 

17 

60 

Rogers  Bros . 

Labor  and  material . 

18 

61 

Gross,  Blackwell  &  Co . 

Supplies . 

18 

62 

W.  H.  Hyde . . 

Material . 

18 

63 

Simons  &  Mix . 

....dr . 

20 

64 

Willard  D.  Johnson . 

Field  expenses . 

20 

65 

Redick  H.  McKee . 

....  do . 

20 

66 

Fred  A.  Schmidt . 

Mateinal . 

20 

67 

L.  Landeeker . 

Supplies . 

20 

68 

E.  M.  Douglas . 

Field  expenses 

20 

69 

Robert  Muidrow . 

. . .  .do . 

21 

70 

William  M.  Thompson . 

Supplies . 

21 

71 

A.  H.  Thompson . 

Traveling  expenses . 

21 

72 

C.  R.  Glass . 

. . . do . 

21 

73 

P.  V.  S.  Bartlett . 

Field  expenses . 

21 

74 

Perry  Fuller . 

. . .  .do. . .  r . 

23 

75 

H.  C.  Clermont  Feusier .  . 

. . . .  do . . . 

23 

76 

A.  F.  Dunnington . 

.  .  do . 

23 

77 

R.  H.  Chapman . 

. . . .  do . 

23 

78 

Willard  D."  Johnson . 

_ do .  . 

Amount. 


$100.00 

301.10 

291.10 

270.60 
340.43 
419. 64 

518. 50 

406. 60 
60. 95 
73.00 

372. 04 

228. 50 

99.87 
120. 82 

25. 25 

335. 15 
24.00 

215.00 

20.88 
12.00 
48.32 
55.00 

244. 66 
30.00 
39.00 

64.85 
77.75 

139. 45 
24.00 
68. 93 
49.00 

221.13 

14.00 

6.40 

66.06 

48.87 

321.60 
63.08 

73. 98 
100.21 
143. 55 

25.00 

46.20 
8.90 

50.80 
54.73 
16. 00 
12.00 

361.10 

13. 50 
36. 00 
30.00 
23.00 

222. 60 
60.  06 
20. 56 

11.60 
18.  65 
17.55 

12.60 

103. 15 
35.35 

58.80 
140. 28 

24.20 
21.65 
80.90 
89.30 
42.28 

22.85 
115. 95 

11.25 

30. 98 
21.65 
75.24 

40.50 
37. 62 

94.45 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 

Sept.  23 
24 
24 
24 
24 
24 
24 
24 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

P  V.  S  Bartlett . 

Field  expenses . 

Sill. 54 
114.97 

_ do. . .  r . 

. . .  .do .  . 

140. 78 

Forage . 

240.00 

Material . 

594. 37 

...  .do . 

57.15 

C  H  Fitch  . 

Field  expenses . 

172. 67 

. . . .do . 

219.36 

Nevada  party . 

268. 00 

_ do . 

277.80 

Montana  party . 

357. 80 

Colorado  party . 

223. 00 

_ do . 

451.80 

. . .  .do . . 

147. 80 

. . . .do . 

241.60 

_ do . 

391.80 

do  . 

. . .  .do . 

278.80 

New  Mexico  party . 

463  00 

. .  .do . 

337. 80 

Nevada  party . 

426.80 

....  do. ..."  . 

299. 20 

. . .  .do . 

201.00 

. .  .do  . 

. .  .do . 

200. 00 

....  do . 

Idaho  party . . 

722.20 

Services,  September,  1889 . 

244.60 

....  do . ? .  . 

179. 40 

....  do . 

58. 80 

....  do . 

68. 40 

Colorado  party . 

264. 20 

Field  expenses . 

74.40 

. . .  .do.. .  r . 

33. 60 

Traveling  expenses . 

105. 63 

Field  expenses . 

24.00 

Material . 

43. 50 

Field  expenses . 

22.73 

. . .  .do . 

238.98 

. . .  .do . 

109. 19 

L  B  Kendall 

. . .  .do . 

21.37 

...  do . 

113. 63 

C  H  Fitch  '  . 

...  .do . 

28.72 

Montana  party . . 

466. 13 

Forage . 

18.00 

Field  expenses . 

68. 50 

...  .do . 

6  50 

_ do . 

27. 51 

_ do . 

146. 99 

...  .do . 

229.28 

....  do . 

37.75 

....  do . 

66. 39 

....  do . 

133.27 

17, 993. 23 

Abstract  of  disbursements  made  by  C.  D.  Davis,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  first  quarter  of  1890. 


[Irrigation.] 


Date  of 
pay¬ 
ment. 

No.  of 
voucher,  j 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 
Sept.  7 

3 

William  B.  Gaw . 

Services,  September  1  to  7,  1889  .... 

$30.00 
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Abstract  of  disbursements  made  by  J.  D.  McChesney ,  chief  disbursing  clerk,  U.  S. 
Geological  Survey,  during  October  and  November,  1889. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 
Oct.  15 

7 

William  A.  Balch . 

Services,  October  1  to  15  1889 

$39. 00 
7.40 

10.00 

17.50 

59.30 
103. 90 
229. 85 
100. 00 
1,256.90 
140. 32 
135. 00 

28.65 
249. 65 

8.00 

8.00 

17.50 

55.65 
218.89 

12. 50 
8. 09 

33.70 

24. 96 

19.50 
114.20 

23 

20 

Colorado  Midland  Rwy . 

Transportation  of  assistants 

23 

22 

Columbia  Phonograph  Co . 

Rent  of  phonograph  .... 

23 

23 

Pennsylvania  Company . 

Transportation” of  "assistants 

24 

26 

Burlington  and  Missouri  River  R.  R. . . 

...  .do . 

24 

27 

Denver  and  Rio  Grande  R.  R . 

24 

28 

Baltimore  and  Ohio  R.  R . 

28 

38 

A.  L.  fiodder . 

Services,  July,  1889 

31 

58 

Pay  roll  of  employes . 

Services,  October,  1889 

31 

60 

_ do . . 

Nov.  1 

63 

C.  A.  Kenaston . 

2 

74 

John  C.  Parker . 

Supplies .  . 

2 

77 

Adams  Express  Co  . 

Freight  charges,  July,  1889 

8 

82 

"Colorado  Midland  Rwy .  . .  . 

8 

83 

_ do . . 

8 

84 

Pennsylvania  Co .  . 

...  .do . 

8 

85 

Chesapeake  and  Ohio  Rwy . 

....  do . 

8 

86 

Atchison,  Topeka  and  Santa  Fe  R.  R . . 

....  do .  . 

8 

87 

Hannibal  and  St.  Joseph  R,  R . 

8 

88 

Ohio  and  Mississippi  Rwy . 

11 

94 

Adams  Express  Co* . " . 

Freight  charges . . 

14 

100 

Alvah  Bushnell . : . 

Irrigation  supplies. . 

15 

103 

B.  W.  Faire . 

Services,  November  1  to  15, 1889.  . . 
Services,  November,  1889 . 

30 

124 

R.  H.  Chapman . 

Total . 

2,898. 46 

Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk,  U.  S. 
Geological  Survey,  during  December,  1889. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1889. 

Dec.  7 

2 

Pay  roll  of  employ6s  . 

Services,  November,  1889 

£1  109  90 

7 

4 

George  Ryneal,  jr . 

Supplies . 

’ 190  92 

10 

12^ 

Rio  Grande  Western  Rwy . 

Transportation  of  assistants . 

58.00 

11 

18 

Missouri  Pacific  Rwy . 

.  . . do . 

9.65 

16 

25 

Edmund  Shaw . 

Traveling  expenses . . 

41.25 

16 

26 

. ...  do .  . 

Services,  November  1  to  6,  1889 

10  oo 

17 

28 

Atchison,  Topeka  and  Santa  F6  R.  R. 

Transportation  of  assistants . 

213. 55 

17 

29 

Denver  and  Rio  Grande  R.  R . 

....  do . 

35  80 

19 

35 

Wabash  R.  R . 

....  do . 

7  50 

20 

38 

E.  T.  Brooks . 

Irrigation  supplies . 

17  00 

20 

39 

Gottlieb  Spitzer . 

...  do . !  .* . 

23 

40 

Adams  Express  Co . 

Freight  charges,  September,  1889. . . 

4o!  45 

23 

41 

George  W.  Knox . 

Freight,  July,  August,  September, 

36. 21 

1889. 

23 

47 

Denver  and  Rio  Grande  R.  R . 

Transportation  of  assistants . 

118.35 

23 

48 

Pennsylvania  Company . 

_ do . 

17.80 

24 

51 

L.  H.  Schneider’s  Son." . 

Supplies . 

3  75 

31 

William  D.  Clark  &  Co  . 

. . .  ."do . 

1.25 

31 

73 

Pay  roll  of  employes . 

Services,  December,  1889  . 

1,134.90 

31 

88 

Cincinnati,  Washington  and  Balti- 

Transportation  of  assistants . 

14.00 

more  R.  R. 

31 

89 

Burlington  and  Missouri  River  R.  R  . . 

.  . .  .do . 

58.65 

31 

90 

Denver  and  Rio  Grande  R.  R . 

. .  .do . 

34.35 

Total . 

3,157.08 

ty- 

t. 

). 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

10 

10 

10 

10 

11 

21 

21 

22 

22 

22 

22 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

24 

25 

25 

25 

25 

25 

25 

25 

26 

26 

26 

26 

26 

26 

28 

28 

28 

28 

28 

29 

29 

29 

30 

30 

30 

31 

31 

31 

31 

31 

31 
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lisbursements  made  by  P.  H.  Christie ,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  the  second  quarter  of  1890. 


To  whom  paid. 


For  what  paid. 


Amount. 


Pay  roll  . 

_ do . 

—  do . 

Douglas  Martin . 

Chris.  Baumhoefer . 

Harold  M.  Dyar . 

A.  McGUlis . 

John  B.  Rogers . 

John  Roach . .  . 

_ do . 

Bull  &  Grant  Farm  Implement  Co. . . . 

John  T.  Oldham . 

Fauth  &  Co . 

Sumner  H.  Bodfish . 

W.  &  L.  E.  Gurley . 

William  L.  Patten  &  Co . 

W.  &  L.  E.  Gurley . 

_ do  . 

J.  B.  Williams . 

_ do . 

Pay  roll . 

George  E.  Curtis  . 

C.  E.  Dutten . 

C.  H.  Treat . 

W.  P.  Trowbridge,  jr . 

George  Sanduw . 

E.  S.  Nettleton . 

_ do . 

E.  C.  Hawkins . 

William  Ham.  Hall  . 

Windsor  Hotel . 

Frank  Harrison . 

_ do . 

J.  B.  Williams . 

Royce  &  Mareau . 

Henry  J.  Green . 

Guy  Sterling . 

E.  S.  Nettleton . 

_ do . 

_ do . 

W.  L.  Wilson . • . 

William  M.  Heidenreich  . 

Goldman  &  Co . 

H.  M.  Wilson . 

Wheeler  &  Burdick . 

L.  C.  Fraser . 

William  Ham.  Hall . 

J.  W.  Mitchell  . 

Henry  J.  Green  . 

Edward  Denny  &  Co . 

Moore  &  McHarvey . 

W.  W.  Montague  &  Co . 

L.  H.  Gruwell  &  Co . . 

Edward  Denny  &  Co . 

William  M.  Fitzhugh . 

Charles  R.  Rockwood . 

H.  S.  Davidson . 

Frank  D.  Tunis . 

W.  H.  Himes . 

John  Roach . 

George  E.  Gresley  Jackson . 

P.  H.  Christie . . . 

S.  H.  Bodfish . 

_ do . 

_ do . 

...  do . 

Anson  Mills . . 

William  M.  Fitzhugh . 

Isaac  Alter . 

Luther  Wagoner . : . 

John  C.  Parker . 

P.  H.  Christie . 

Pay  roll . 

_ do . 

Robert  Robertson . 

George  E.  Curtis . . 

P.  H.  Christie . 

Charles  Ashton . 


Services,  September,  1889 . 

..  .do . . 

. .  do . 

Services,  September  1  to  14,  1889  . . . 
Services,  September  16  to  30,  1889  . . 

Traveling  expenses . 

Hire  of  transportation . 

Field  expenses . 

Instruments . 

. . .  do . 

Field  material . 

Field  supplies . 

Instruments . 

Services,  September,  1889  . 

Instruments . 

Field  material . 

Instruments . 

. .  .do . 

Traveling  expenses . 

Field  expenses . 

Services,  September,  1889  . 

_ do . 

Traveling  expenses . 

Instruments . 

Traveling  expenses . 

Field  expenses . 

_ do . 

Traveling  expenses . 

. . .  do . 

_ do . 

Subsistence . 

Traveling  expenses . 

Services,  October  1  to  16,  1889 . 

Traveling  expenses . 

Instruments . . 

...  do . ■. . 

Services,  September,  1889 . 

Traveling  expenses . 

_ do . 

_ do . 

Services,  September,  1889 . 

Services,  October  1  to  9, 1889 . . 

Field  supplies . 

Traveling  expenses . 

Field  supplies . 

Office  rent . 

Traveling  expenses . 

_ do . 

Instruments . . . 

Stationery . 

Hire  of  transportation . 

Instruments . 

Hire  of  transportation . 

Instruments . . 

Traveling  expenses  . 

. ...  do . 

Field  expenses  . 

Field  supplies . 

Field  expenses . 

Instruments . 

Services,  September,  1889  . 

Field  expenses . 

_ do . 

_ do . 

_ do . 

_ do . 

_ do . 

. . .  do  . 

Hire  of  transportation . 

,  Field  expenses . 

Office  supplies . 

Traveling  expenses . 

Services,  October,  1889 . 

_ do . . 

. .  do . 

...  do . . 

_ do . 

Rent  of  office .  . 


$495.00 

605.83 

315.00 

23.33 

25.00 

41.90 
145. 00 

72. 13 
170.00 
118.40 
296.35 

87.97 
195.00 
195. 60 
155. 00 

73.62 
140.00 

1,111.00 
170. 50 
142. 69 
746. 00 
116.66 
74.02 
25.53 
31.42 

52.90 
54.85 
79.00 

71.60 
62. 55 

47. 25 
61.40 

38.70 
21.35 
75. 00 

30.25 
75. 00 

37.75 
58.80 

21.60 
50.00 
11.61 

19.76 
102.60 

15.00 

50.00 

47.16 

21.35 

30.25 

23.90 
44.00 

12.70 
10.00 

27.25 

18.25 
7.50 
7.50 

25.97 

35.89 
15.50 

120.00 

121.64 

67. 77 

85.89 
87.74 
95. 30 

383. 99 
281.97 
220.00 
257. 71 

25.62 
128. 10 
175. 00 
201.12 
100.00 
116.66 
151.60 
150.00 
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Abstract  of  disbursements  made  by  P.  H,  Christie,  etc. — Continued. 


Date 
of  pay¬ 
ment. 


188$. 

Oct.  31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Nov.  6 
6 
6 
6 
8 
8 
8 
8 
8 
9 
9 
9 
11 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 

13 

14 
14 
14 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 


’o% 

og 

fco 


To  whom  paid. 


For  what  paid. 


79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 


Robert  Robertson . 

L.  D.  Hopson . 

Pay  roll . 

_ do . . . . .  . 

W.  H.  Farish . 

Harold  M.  Dyar .  . 

Pay  roll . 

W.  W.  Follett . 

George  Sandow . 

L.  H.  Shortt . 

L.  C.  Fraser . . 

Thomas  Bundy . 

C.  R.  Rockwood . 

Luther  Wagoner . 

Robert  Bucknell . 

Frank  Harrison . 

E.  S.  Nettleton  . 

—  do . 

_ do . 

Josiah  Pierce,  jr . 

Pay  roll . 

E.  C.  Hawkins . 

R.  P.  Irving . 

T.  M.  Bannan . 

F.  H.  Newell . 

C.  W.  Taylor  &  Co . 

James  M.  Butcher . 

Daniels  &  Fisher . 

Lewis  C.  Goldsborough,  agent. . .  . 

John  B.  Rogers . 

F.  H.  Hughes . . . 

John  B.  Rogers . 

Lyman  Bridges . 

Harold  M.  Dyar . 

Sumner  H.  Bodfish . 

W.  L.  Wilson . 

Pay  roll . 

—  do .  . 

J.  B.  Williams  . 

_ do . . 

Pay  roll . 

S.  H.  Bodfish.  . ..  . 

Luther  Wagoner . 

Keuffel  &  Esser . 

A.  Leitz  &  Co . 

Isaac  Alter . 

A.  Levy . 

Ridgely  Tilden . 

H.  S.  Davidson . 

George  E.  Curtis . 

C.  E.  Dutton . 

Keuffel  &  Esser . 

N.  A.  Just  . 

A.  J.  Wiley . : . 

Utah  Central  Rwy . 

Montana  Central  Rwy . 

Montana  Union  Rwy . 

Denver  &  Rio  Grande  R.  R . 

Denver  Transit  and  Warehouse  Co 

E.  C.  Hawkins . 

Anderson  Bros . 

Pay  roll  . 

Charles  Whitney . 

William  M.  Fitzhugh . 

Wells,  Fargo  &  Co.,  express . 

W.  W.  Montague  &  Co . 

C.  R.  Rockwood . 

H.  S.  Davidson . 

_ do . 

Luther  Wagoner . 

P.  McGee . 

Buff  &  Berger . 

Josiah  Pierce,  jr . 

H.  M.  Wilson .  . 

_ do . 

...  do . 

Pay  roll . 

_ do . 


Traveling  expenses . 

. .  .do . 

Services,  October,  1889 . 

...  do . 

Field  expenses . 

Traveling  expenses . 

Services,  October,  1889  . 

. .  .do . 

Field  expenses . 

. .  .do . 

Office  rent  . 

Hire  of  transportation . 

Field  expenses . 

. .  .do . 

Hire  of  transportation . 

Field  expenses . 

Services,  October,  1889  . 

Field  expenses . 

Traveling  expenses . 

Services,  October,  1889  . 

_ do . 

_ do . 

_ do . 

_ do . 

_ do . : . . 

Office  furniture . 

Field  expenses . 

Office  furniture . 

Office  rent . 

Traveling  expenses . 

Services,  October  16  to  24,  1889 

Field  expenses . 

Services,  September,  1889 . 

Field  expenses . 

Services,  October,  1889  . 

_ do . 

_ do . 

_ do . 

Traveling  expenses . 

Field  expenses . 

Services,  October,  1889  . 

Field  expenses . 

Traveling  expenses . 

Instruments . 

Field  expenses . 

Hire  of  transportation . 

Field  supplies . 

Traveling  expenses . 

_ do . . 

Field  expenses . .  . . 

Traveling  expens  s . 

Instruments  . 

Field  supplies . 

Field  expenses . 

Transportation . 

...  do . 

_ do . 

_ do . 

Rent  for  storage . 

Traveling  expenses . 

Field  supplies . 

Services,  October,  1889  . 

_ do . . 

_ do . 

Transportation . 

Field  supplies . 

Field  expenses . 

—  do . 

_ do . 

. ...  do . 

Services,  October,  1889 . 

Instruments . 

Traveling  expenses . 

Fieid  expenses . 

_ do . 

Traveling  expenses . 

Services,  October,  1889 . 

_ do . 


Amount. 


$72.25 

117.80 
324. 18 

95.00 
34. 25 

36.50 
321.77 
200.00 

35.15 

16. 90 
50.00 

39.50 

27.50 
96.28 
10.00 

158. 12 
337. 00 
36. 79 

29.75 

134.80 
537. 47 
125. 00 

50.00 
75.00 
126. 40 
49.00 
38.00 

69. 45 

17.50 
114.05 

12.00 
127. 56 

144. 60 
283. 50 
202. 20 

50.00 
335. 00 
370. 00 
220. 25 
41.92 
297. 70 
83.55 
6.50 
33.00 

27.50 
80.00 

205.38 

12.75 
8.00 

17.75 
48. 00 

23.90 
63. 35 
65  31 

.25 

2.16 

1.25 

122. 45 
20.00 

11.15 
148.27 

506. 61 
28.38 

150. 00 
15. 95 

20.50 
100. 97 
147.20 

22. 52 
145. 96 
45.00 

365. 45 
89.86 

98. 45 

211.80 
114.05 
399. 99 
534.33 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  etc. — Continued. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Nov.  20 
20 

157 

H.  M.  Wilson  . 

Traveling  expenses . 

$84. 00 
100. 67 

158 

T.  M.  Bannon . 

Field  expenses . 

21 

159 

. .  .do  . 

Traveling  expenses . 

69.37 

21 

160 

J.  B.  Williams . 

101.90 

21 

21 

161 

Supplies . 

10.00 

162 

S  H  Bodfish  .  . . 

Field  expenses .  . 

127.75 

22 

163 

do  . 

143. 14 

22 

164 

Traveling  expenses . 

30.00 

22 

165 

Robert  Robertson . 

Field  expenses . 

285. 49 

23 

166 

Josiah  Pierce,  jr . 

Traveling  expenses . 

206. 87 

23 

167 

Harold  M.  Dyar . 

...  do  ? . 

46.25 

26 

168 

William  M.  Fitzhugh . 

16.50 

27 

27 

169 

170 

William  P.  Trowbridge,  jr  . 

R.  S.  Johnson . . 

Field  expenses . 

62.50 

12.00 

27 

171 

...  do . 

40.00 

29 

172 

S.  H.  Bodfish . 

240.05 

29 

173 

...  .do . 

205.11 

30 

174 

Pay  roll . 

Services,  November,  1889 . 

1,086. 66 
195. 60 

30 

175 

S.  H.  Bodfish . 

. .  .do . 

30 

176 

Pay  rod . 

.  .do . 

210. 66 

30 

177 

S.  H.  Bodfish  . 

Field  expenses . 

80.44 

30 

178 

H.  P.  Croft  . 

Services,  November,  1889 . 

60.00 

80 

179 

Pay  roll . 

197. 15 

30 

180 

W.  W.  Follett . 

do . 

200.00 

30 

181 

George  E.  Gresley  Jackson . 

Services,  November  1  to  12,  1889. . . . 

40.00 

30 

182 

F.  J.  Fernhof . 

Office  fixtures  . 

46.50 

30 

183 

Pay  roll . 

Services,  November,  1889. . . . . 

385.00 

30 

184 

....  do . 

200.00 

30 

185 

....  do . 

do . 

132  50 

30 

186 

William  Ham.  Hall . 

Services,  October  1  to  31,  1889 . 

337.00 

30 

187 

....  do . 

Services,  November,  1889 . 

326. 00 

30 

188 

W.  A.  Fai'ish . 

Field  expenses . 

72. 55 

30 

189 

Pay  roll . 

Services,  November,  1889 . 

209.00 

30 

190 

John  A.  Roebling  Sons  &  Co . 

Field  supplies . 

38.34 

30 

191 

Clot  &  Meese . 

do  . . .  * . 

63.00 

30 

192 

R.  S.  Johnson . 

Forage  and  storage . 

142.28 

30 

193 

S.  H.  Bodfish  . 

Field  expenses . . . 

179. 85 

30 

194 

Henry  E.  Kemp  &  Co . 

Field  material. 

84.45 

30 

195 

Go.dman  &  Co . 

Field  supplies . 

59.06 

30 

196 

N.  F.  Hoyt . 

Services,  October,  1889  . 

10. 00 

30 

197 

S.  H.  Bodfish . 

143.35 

30 

198 

Guy  Sterling . 

20. 10 

30 

199 

E.  C.  Hawkins .  . 

Services,  November,  1889 . 

125.00 

30 

200 

Harold  M.  Dyar . 

75.00 

30 

201 

Denver  Transit  and  Warehouse  Co  . . . 

Rent  for  storage . 

20.00 

30 

202 

Lewis  C.  Goldsborough . 

Rent  of  office . 

35.00 

30 

203 

W.  W.  Montague  &  Co . 

Field  material . 

12.25 

30 

204 

Hooper  &  Jennin  s . 

Subsistence  supplies . 

26.42 

30 

205 

C.  Bunting  &  Co . 

Field  supplies . 

65.09 

30 

206 

L.  C.  Fraser . 

Office  rent . 

50.00 

30 

207 

Hume  &  Else . 

Forage  . 

32.50 

30 

208 

L.  D.  Hopson . 

Services,  November,  1889  . 

75.00 

30 

209 

S.  P.  Mcknight . 

Services,  November  21  to  27, 1889  . . . 

20.00 

30 

210 

Zero  Thomas . 

Services,  November  24  to  30, 1889  . . 

9.33 

30 

211 

W.  L.  Wilson . 

Services,  November  29  to  30, 1889  . . . 

3.33 

30 

212 

A.  D.  Foote .  . 

Services,  November,  1889  . 

244.60 

30 

213 

N.  J.  Brown  . 

....  do . 

45.00 

30 

214 

W.  L.  Wilson . 

Traveling  expenses . 

23.80 

Dec.  9 

9 

215 

W.  W.  Follett . 

. . .  .do . 

41.43 

216 

....  do . 

Field  expenses . 

42.66 

9 

217- 

Pay  roll . 

Services,  November,  1889 . 

75.83 

10 

11 

218 

T.  K.  Walker . 

Field  supplies . 

155. 47 

219 

James  A.  Pinney . 

Stationery . 

49.85 

11 

220 

Campbell  &  Stebbins . 

Field  supplies . 

15.86 

11 

221 

A.  J.*  Wiley . 

Field  expenses . . 

88.32 

11 

222 

Pay  roll . 

Services,  November,  1889 . 

445. 50 

11 

223 

Harold  M.  Dyar . 

Field  expenses . 

93.92 

12 

224 

Luther  Wagouer . . 

Traveling  expenses . 

3.00 

12 

12 

13 

225 

0.  R.  Rockwood . 

. ...  do . .  r. *. . 

28.00 

226 

J.  B.  Williams . 

Field  expenses . 

18.70 

227 

Northern  Pacific  R.  R . 

Transportation . 

1.44 

13 

16 

228 

Keuffel  &  Esser . 

Instruments . 

65.00 

229 

William  M.  Fitzhugh . 

Field  expenses . 

178. 16 

16 

17 

230 

Lallie  &  Bailey . 

Repairs  to  instruments . 

46.00 

231 

D.  H.  Burtis. . . 

Instruments . 

36.00 

18 

232 

J.  B.  Williams . 

Field  expenses . 

94.65 

19 

233 

W.  W.  Follett . 

...  .do . 

226. 76 

19 

234 

W.  H.  Farish  . 

122.39 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  etc. — Continued. 


Date  of 
pay¬ 
ment. 


1890. 

Dee.  19 

19 

20 
20 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

260 
261 
262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 
289 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 


To  whom  paid. 


For  what  paid. 


John  C.  Parker . ' . 

Pay  roll . 

Henry  J.  Green  . 

J.  Schultzbach . 

A.  D.  Foote . 

Pay  roll . 

W.  B.  Moses  &  Son . 

Francis  Bridges . 

H.  P.  Croft . 

W.  W.  Follett . 

W.  L.  Wilson . 

William  Ham  Hall . 

Pay  roll . 

_ do . 

_ do . 

- do  . 

E.  C.  Hawkins . 

Harold  M.  Dyar . 

N.  F.  Hoyt . 

Pay  roll  . 

William  R.  Cartwright . 

_ do . 

T.  M.  Bannon .  . 

Keuffel  &  Esser  Co . 

C.  R.  Rockwood . 

William  P.  Trowbridge,  jr . 

L.  C.  Fraser .  . 

Goldman  &  Co . 

J.  J.  Lallie . 

Harold  M.  Dyar . 

A.  D.  Foote . 

_ do  . . 

Lewis  C.  Goldsborough . 

James  M.  Butcher . 

Denver  Transit  and  Warehouse  Co 

E.  C.  Hawkins . 

L.  D.  Hopson . 

Library  bureau . 

Amos  G.  Thompson  . 

A.  J.  Wiley . 

W.  W.  Follett . 

_ do . 

Samuel  McDowell . 

Luther  Wagoner . 

C.  R.  Rockwood . 

_ do . 

M.  A.  Knapp . 

Pay  roll . 

William  P.  Trowbridge,  jr . 

William  D.  Walkup . 

Wood  &  Turner . 

Scott  &  Mills . 

Britton  &  Ray . 

W.  A.  Montgomery . 

O.  I.  Mairs . 

Edward  Denny  &  Co . 

Overland  Freight  Transfer  Co. . .  . 

A.  W.  Eibeshritz . 

H.  S.  Davidson . 

George  Sandow  — . 

F.  H.  Newell . 

_ do . 

Rich  Shumway . 

_ do . 

George  E.  Curtis . 

E.  S.  Nettleton . 

_ do . 


Office  supplies . 

Services,  November,  1889 . 

Instruments . 

...  do . 

Services,  December,  1889 . 

. .  do . 

Office  furniture . 

Services,  Oct.  25  to  Nov.  2,  1889, 

Services,  December,  1889 . 

. .  do . 

. .  do . 

...do . 

. .  do . 

. .  do . 


_ do . 

_ do . 

Services,  November,  1889 . 

Services,  December,  1889  . 

Services,  November,  1889 . . 

Services,  December.  1889 . 

Field  expenses . 

Stationery . 

Services,  December,  1859 . '. _ 

Field  expenses . 

Rent  of  office . 

Field  supplies . 

Repairs  to  instruments . 

Field  expenses . 

. . .  do . 

Traveling  expenses . 

Rent  of  office . 

Office  furniture,  etc . 

Rent  of  storage . 

Field  expenses . 

Instruments . 

Office  supplies . 

.  .  .do . 

.  .  do . 

Traveling  expenses . 

Field  expenses . 

Forage . 

Field  expenses . 

_ do . 

Traveling  expenses . 

_ do . 

Services,  December,  1889 . 

Field  expenses . 

Office  expenses . 

Field  material . 

Office  expenses . 

Maps . 

Field  expenses . 

Subsistence . 

Stationery . 

Storage . 

Hire  of  transportation . 

Traveling  expenses . 

Field  expenses . 

...  do . ' . 

Traveling  expenses . 

Services,  November,  1889 . 

Services,  December  1  to  17,  1889.  . . 

Field  expenses . 

Services,  November,  1889 . 

Traveling  expenses . 


Amount . 


89. 65 
135. 00 

60.30 
24.00 

252. 70 
1,443.86 
29.00 
36. 56 
60.00 
200.00 
50.00 
337. 00 
340.00 
225.00 
125.00 
125. 00 
125.00 
75.00 
10.00 
205. 80 
7. 50 
7.60 
198. 90 

42. 50 
150.00 

72. 83 
50.00 
86.37 

18.30 
50.00 

9.15 

64.50 
35.00 

32. 50 
20.00 
54.85 

7.50 
288. 00 
15.00 
2.75 
7.65 
39.45 
20.00 
24. 19 

78.35 

30.25 
4.00 

135.00 
33. 17 

13.35 

21.30 

18.25 
63.00 
10.00 

44.50 
24.15 
10.00 

120.00 

28.95 

47.66 
239.20 

79.70 
50.00 
27.41 
7.35 
326. 00 

54.50 


Total 


34,491.46 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 
Survey,  during  the  second  quarter  of  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1889. 
Oct.  15 

1 

15 

2 

15 

3 

15 

4 

15 

5 

16 

6 

16 

7 

16 

8 

18 

9 

18 

10 

18 

11 

18 

12 

18 

13 

18 

14 

18 

15 

18 

16 

18 

17 

18 

18 

18 

19 

18 

20 

19 

21 

19 

22 

19 

23 

19 

24 

19 

25 

19 

26 

19 

27 

19 

28 

21 

29 

22 

30 

22 

31 

22 

32 

22 

32 

22 

34 

22 

35 

22 

36 

22 

37 

22 

38 

23 

39 

23 

40 

23 

41 

24 

42 

25 

43 

25 

44 

25 

45 

25 

46 

26 

47 

28 

48 

28 

49 

28 

50 

31 

51 

31 

52 

31 

53 

31 

54 

31 

55 

31 

56 

31 

57 

31 

58 

31 

59 

31 

60 

31 

61 

31 

62 

31 

63 

31 

64 

31 

;  65 

31 

66 

31 

67 

31 

68 

31 

69 

31 

70 

Nov.  1 

71 

1 

72 

2 

73 

2 

74 

2 

75 

2 

76 

4 

77 

4 

78 

To  whom  paid. 


For  what  paid. 


Amount. 


H.  E.  Clermont  Feusier  . 

. .  .do . 

E.  M.  Douglas . 

A.  F.  Dunnington . 

Redick  H.  McKee . 

Robert  Muldrow . 

R.  H.  Chapman . 

H.  E.  Clermont  Feusier. 

E.  M.  Douglas . 

E.  T.  Perkins,  jr . 

William  M.  Thompson  . . 
Alexander  C.  Barclay. . . 

_ do . . . 

Robert  A.  Farmer . 

C.  C.  Bassett . 

Perry  Fuller . 

Robert  B.  Marshall . 

Morris  Bien . 

William  S.  Post . 

Pay  roll  for  September. . 

S.  C.  Gallup . 

Silas  Parker . 

Sparks  Bros . 

J.  L.  Van  Arsdell . 

Harry  King . 

L.  Landecker . 

A.  F.  Dunnington . 

W.  T.  Griswold . 

W.  P.  Powell . 

Perry  Fuller . 

Stuart  P.  Johnson . 

. . .  .do . 

William  H.  Anderson  . . 

A.  H.  Thompson . 

_ do . 

H.  E.  Clermont  Feusier 

Robert  B.  Marshall . 

C.  C.  Bassett . 

P.  V.  S.  Bartlett . 

_ do . 

A.  P.  Davis. .  . 

Alexander  C.  Barclay . . 

C.  H.  Fitch . 

_ do  . 

John  W.  Hays . 

....  do . 

L.  G.  Stevenson . 

William  S.  Post . 

R.  H.  Chapman . 

Redick  H.  McKee . 

Charles  C.  Bassett . 

Pay  roll  for  October  . . . 

_ do . . 

_ do . 

_ do . 

—  do . 

_ do . 

_ do . 

_ do . 

. : . .  do . 

_ do . 

_ do . 

—  do . 

J.  M.  Dikeman . 

October  pay  roll . 

Paul  Holman . 

A.  H.  Thompson . 

H.  C.  Rizer . 

October  pay  roll . 

J.  D.  Reeves . 

J.  W.  Simons . 

B.  Freund . 

W.  F.  Griswold . 

Roswell  G.  Wheeler. . . . 

E.  T.  Perkins,  jr . 

_ do . 

William  T.  Post . 

William  A.  Korts . 


Field  expenses . 

. . . do . 

...  do . 

. . .do  . . . . 

...  do . 

...do . 

. .  .do . 

...do . 

...  do .  . 

. .  do . . 

Supplies . 

Field  expenses . 

. .  .do .  . 

. .  .do . 

...  do . 

. .  do . 

_ do . 

_ do . 

...  do . 

Colorado  field  party . . 

Material . 

_ do . 

Forage . 

_ do . 

Traveling  expenses . 

Supplies . 

Field  expenses . 

_ do . 

Traveling  expenses . 

Field  expenses . 

...  do . 

_ do . 

Forage  . 

Traveling  expenses . .  • 

_ do . 

Field  expenses .  . ' 

_ do . 

_ do . 

—  do . 

_ do . 

_ do . 

. ...  do . 

_ do . 

Traveling  expenses . 

Field  expenses . 

_ do . . 

Traveling  expenses . 

Field  expenses . .  . .  . 

_ do . 

_ do . 

Services,  October  16  to  81,  1889  . . . 

New  Mexico  field  party .  . 

_ do . 

Nevada  field  party . 

_ do . 

_ do . . . 

_ do . 

_ do . 

_ do . 

Colorado  field  party . 

...  do . 

Idaho  field  party . 

Colorado  field  party . 

Services  October  1  to  24,  1889 . 

Colorado  field  party . 

Services,  October,  1889  . 

_ do . 

...  do . 

Colorado  field  party . 

Forage . . . 

Labor  and  material . 

Storage . 

Field  expenses . 

Pasturage . 

Field  expenses . 

Traveling  expenses . . 

Field  expenses . 

Services,  September  1  to  October 
1889. 


$61.80 

26. 25 

75. 45 

29.45 
104.97 

38.75 

46.88 

51.20 
90.07 

29.75 
58.03 

50.85 
80.60 
38.00 

110.44 

42.00 

34.65 

40.70 
384.43 
100.00 

6.50 

27.70 

22.50 
19.00 

64.80 

15.86 

63. 51 

65.88 

29.65 

58. 25 
103. 03 
123. 59 

562. 50 
117. 95 
186. 10 

54.50 

21.35 
80.47 
47.42 

96.55 
52  55 

32.35 
66.11 
66.40 

10.45 
148.42 

38.55 

55. 45 
47.96 

71.71 

60.87 
288. 91 
443.80 

202.20 
307.18 
196. 35 

273.50 
250. 00 
242. 07 
438. 85 
229. 49 
604. 58 
800.87 

34.80 
131.52 

70  80 
252. 70 
185.30 
287.54 
52.79 
45.85 
15.00 
48.70 
20.59 

22.45 
3. 25 

142.08 

50.00 


of 

t. 

). 

4 

4 

8 

4 

4 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

8 

9 

11 

11 

11 

11 

11 

11 

12 

14 

14 

15 

15 

15 

15 

16 

18 

18 

18 

18 

18 

19 

19 

19 

19 

19 

19 

20 

20 

19 

21 

21 

21 

21 

21 

21 

21 

22 

22 

22 

22 

23 

25 

25 

26 

26 

30 

30 

30 

30 

80 

30 
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tract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


To  whom  paid. 


For  what  paid. 


Amount. 


Samuel  A.  Foot . 

R.  C.  McKinney . 

D.  Johnson . 

John  R.  Morton . 

Benjamin  K.  Hays . 

R.  H.  Chapman . 

Robert  Muldrow . 

H.  E.  Clermont  Feusier _ 

H.  D.  Reinken . 

Robert  A.  Farmer . 

Jeremiah  Ahern . 

October  pay  roll . 

J.  B.  Lippincott . 

S.  M.  Fitzgerald . 

E.  M.  Douglas . 

Oppenlander,  Rehm  &  Co . 

L.  F.  Spratlen . 

George  A.  Newton . 

Spratlen  &  Anderson . 

Pueblo  Hardware  Co. . 

A.  F.  Dunnington . 

A.  H.  Thompson . 

Daniel  M.  Adams . . 

C.  C.  Bassett . 

_ do . 

P.  V.  S.  Bartlett . 

Frank  Tweedy . 

W.  B.  Corse . 

Stuart  P.  Johnson . 

E.  T.  Perkins,  jr . 

William  S.  Post . 

Alan  M.  Johnsou . 

Willard  D.  Johnson . 

.  . . do . 

Newton  Lumber  Company 

W.  T.  Griswold . 

Jeremiah  Ahern . 

William  H.  Otis . 

Samuel  McDowell . 

Robert  A.  Farmer . 

E.  M.  Douglas . 

R.  S.  Woodward . 

Rediclt  H.  McKee . 

A.  F.  Dunnington . 

Philip  Sawyer . 

_ do . 

_ do . 

John  W.  Hays . 

Paul  Holman . . 

Arthur  P.  Davis . 

Julien  J.  Mason . 

Perry  Fuller . . 

Robert  Muldrow . 

H.  E.  Clermont  Feusier. . . 

_ do . 

R.  B.  Marshall . 

A.  H.  Thompson . 

R.  C.  McKinney . 

_ do . 

Morris  Bien . 

Robert  J.  Breckinridge  . . . 

Louis  William  Mohun . 

Willard  D.  Johnson . 

William  S.  Post . 

E.  T.  Perkins,  jr  . 

Ewing  Speed . 

William  A.  Earl . 

Alexander  C.  Barclay . 

L.  B.  Kendall . 

Morris  Bien . 

Frank  Tweedy . 

Frank  E.  Gove . 

Pay  roll  for  November. . . . 

— do . 

_ do . 

_ do . 

_ do . 

Robert  A.  Farmer . 


Traveling  expenses . 

Field  expenses . 

Board  and  lodging . 

Services,  October  16  to  19,  1889  . 

Services,  October  24  to  31,  1889 . 

Services,  October  16  to  31,  1889  . 

Services,  October  23  to  31,  1889  .  . . 

Field  expenses . 

Supplies  . 

Field  expenses . 

_ do . 

Montana  field  party . 

Field  expenses . 

Hire  of  teams  . 

Field  expenses . 

Supplies . 

Material . 

Labor . 

Supplies . 

Material  . 

Field  expenses . 

Traveling  expenses . 

. .  .do . 

. ...  do . 

Field  expenses . 

_ do . 

_ do . 

Services,  October,  1889  . 

Traveling  expenses . 

Services,  October  16  to  31,  1889. .  . . 

Field  expenses . 

Traveling  expenses . 

Field  expenses . 

_ do . . . 

Material . 

Field  expenses . 

Services,  October  16  to  31,  1889 . 

Services,  November  1  to  15, 1889. . . . 

Pasturage . 

Field  expenses . 

_ do . 

_ do . 

_ do . 

Traveling  expenses . 

_ do . 

_ do . 

Services,  September  1  to  30, 1889 .... 

Traveling  expenses . 

_ do  . . . 

_ do . 

_ do . 

.  .do . 

_ do . 

Field  expenses . 

_ do . 

_ do . : . 

Traveling  expenses . 

Services,  October  26  to  31,  1889  . 

Traveling  expenses . 

_ do . 

—  do . 

_ do . 

_ do . 

_ do . : _ 

. . .  do . 

_ do . 

_ do . 

Field  expenses . 

Traveling  expenses . 

Field  expenses . 

Traveling  expenses . 

_ do . 

Colorado  party . 

. .  .do . 

Nevada  party . 

New  Mexico  party . . . 

Idaho  party . 

Services,  November,  1889 . 


$69. 10 
94.76 

55.16 
5.80 

15.48 
60.87 
22. 01 
122.00 
32.08 

60.75 
140.07 
630.51 

56. 43 
54.00 
135. 69 

36.16 
45.00 

13.50 

54.42 
15. 12 

42.40 

140.75 
24. 55 
76.00 

67.24 

58.50 
241.56 

60.00 

62.90 
69.57 
39.92 

50. 25 

97.24 

102. 75 
20.35 

125. 99 
60.87 
20.00 
40.00 
51.27 
130. 79 
108. 92 

57. 76 
125. 25 

29.00 

94.50 
60.00 

67.65 
132.00 

75.75 
75.75 
91.10 
133. 30 
94.05 

42.50 

77.65 

54.25 
22.83 
68.15 
68. 15 

68. 90 
68.90 
68.90 
61.60 

69.50 
69.50 

9.50 

56.42 

66.40 
111.87 

110. 45 

101.45 
1,143.80 

100.00 
177.00 
299. 49 
180.40 
60.00 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  etc. — Continued. 


u 

Date  of 

4-1  34 

Oj 

pay- 

0  § 

ment. 

^  O 
> 

1889. 

Nov.  30 

157 

30 

158 

30 

159 

30 

160 

30 

161 

30 

162 

30 

163 

30 

164 

30 

165 

30 

166 

Dec.  2 

167 

2 

168 

2 

169 

2 

170 

2 

171 

2 

172 

2 

173 

2 

174 

2 

175 

2 

176 

Nov.  26 

177 

Dec.  7 

178 

3 

179 

7 

180 

7 

181 

9 

182 

9 

183 

9 

184 

9 

185 

9 

186 

10 

187 

10 

188 

10 

189 

10 

190 

10 

191 

3 

192 

11 

193 

11 

194 

11 

195 

12 

196 

12 

197 

12 

198 

12 

199 

12 

200 

12 

201 

13 

202 

16 

203 

14 

204 

14 

205 

16 

206 

18 

207 

18 

208 

3 

209 

19 

210 

3 

211 

31 

212 

28 

213 

31 

214 

31 

215 

31 

216 

31 

217 

31 

218 

31 

219 

31 

220 

31 

221 

31 

222 

31 

223 

31 

224 

To  whom  paid. 


A.  F.  Dunnington . 

Robert  Muldrow . . 

Paul  Holman . » . 

R.  B.  Marshall . 

Julien  J.  Mason . 

A.  H.  Thompson . 

Charles  C.  Bassett . 

J.  W.  Dobbins. . .  . 

William  H.  Otis . 

H.  C.  Rizer . . 

W.  T.  Griswold . 

....  do  . 

Gross,  Blackwell  &  Co . . 

Alexander  C.  Barclay . 

_ do . . 

P.  V.  S.  Bartlett . 

Redick  H.  McKee . . 

H.  E.  Clermont  Feusier . 

R.  B.  Marshall . 

P.  V.  S.  Bartlett . 

Western  Union  Telegraph  Company. 

Frank  Tweedy .  . 

A.  F.  Dunnington . . 

J.  B.  Lippincott . 

Frank  E.  Gove . . 

R.  S.  Woodward . 

....  do . . 

H.  C.  Rizer . 

Robert  A.  Farmer . 

W.  B.  Corse . 

Jeremiah  Ahern . 

R.  C.  McKinney . 

MacGregor  Jenkins . 

R.  H.  Chapman . . 

E.  M.  Douglas . ' . 

R.  H.  Chapman . 

Charles  W.  Powell . 

James  Moore . 

Frank  Tweedy . 

Jeremiah  Ahern . 

H.  C.  Danberg . 

H.  E.  Clermont  Feusier . 

. . .  do . 

Arthur  P.  Davis . 

P.  V.  S.  Bartlett . . . . 

E.  M.  Douglass  . . . .  . 

Wade  Lenington .  . . 

L.  H.  Cooper  . . 

Redick  H .  McKee . .  . 

_ do . 

W.  T.  Griswold . 

_ do . . 

. .  do . • . 

Amos  Scott . 

J.  W  Hays . 

H.  C.  Danberg  . 

Alexander  C.  Barclay . 

J.  W.  Dobbins . 

William  H.  Otis . 

A.  H.  Thompson  . 

Paul  Holman . 

Pay  roll  for  December . 

■v...do  . . 

. .  do . 

E.  M.  Douglas . 

Alexander  C.  Barclay . 

Fauth  &  Co . 

John  C.  Rogers . 

Total .  .  .  . 


For  what  paid. 

Amount. 

Services,  November,  1889  . 

$146. 80 
73. 40 

...  do . . 

. .  do . 

68.40 

.  .do . 

60.00 

. .  do .  ... 

50.00 

do . 

244.60 

. .  do . 

114.20 

.do . 

50.00 

Services,  November  16  to  30, 1889. . 
Services,  November . 

12.50 
179. 40 

.  .do . 

163. 00 

Field  expenses . 

106.50 

Supplies .  . 

24.90 

Field  expenses . . . 

11.22 

do  . 

12.90 

Traveling  expenses . 

125.00 

. . . do . 

128. 35 

do  . 

129. 35 

...  do  . 

78.80 

Services,  November,  1889 . 

60.00 

Messages . 

2.57 

Field  expenses . 

10.46 

Telegrams . 

.80 

Traveling  expenses . 

95.25 

Services,  November,  1889 . 

60.00 

153. 75 

Traveling  expenses. .  .* . 

112.70 

. . . do . 

45.50 

. .  do . 

67. 15 

. .  .do  ....  . 

76.55 

. . do . .  r . 

93.20 

. .  do . 

16.75 

. .  .do .  . 

104. 75 

...  do . 

131.00 

.  .do . 

123. 50 

Field  expenses  . . 

1.45 

Services,  November,  1889 . 

60.00 

Services,  November  1  to  18,  1889  . . . 
Services,  November,  1889 . 

29.95 

146.80 

. .  .do . 

114.20 

Foraging  stock . .  . 

85.05 

Services,  November.  1889 . 

60.00 

Field  expenses . 

. .  do  . . 

3.26 

40.25 

...  do  . 

...  do . 

165. 10 
97. 71 

Services,  December  1  to  12,  1889. . . . 
Traveling  expenses . 

15.48 

85.25 

Services,  October  16  to  November 
30,  1889. 

Field  expenses . 

199.97 

24.25 

Traveling  expenses . 

19.95 

. .  do .......  r . 

177. 61 

Telegrams . 

Services,  November,  1889 . 

2.20 

60.00 

Telegrams . 

8. 18 

Forage  of  stock . 

90.00 

Traveling  expenses . 

Services,  December,  1889 . 

...  do . 

67.15 

50.00 

25.00 

...  do . 

252. 70 

.  do . 

70.80 

Colorado  party . 

New  Mexico,  Idaho,  and  Montana 
parties. 

Nevada  party . 

1,298.10 

1,079.20 

954. 10 

Field  expenses. . . . • 

. .  do . 

44.14 
20. 17 

Material . 

3.00 

. .  do . 

5.25 

25,447.34 
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Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk,  U.  S. 
Geological  Survey,  during  January,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1890. 

Jan.  11 

2 

17 

12 

17 

13 

17 

16 

21 ' 

&  28 

21 

29 

21 

30 

21 

34 

21 

37 

25 

40 

24 

43 

31 

55 

31 

56 

31 

73 

Abstract  of 

To  whom  paid. 


R. 


Wash  B.  Williams . 

Pennsylvania  Co . 

Denver  and  Rio  Grande  R 

Colorado  Midland  Rwy . 

United  States  Express  Co . 

Wyckoff,  Seamans  &  Benedict . 

Melville  Lindsay . 

Newman  &  Son . 

E.  E.  Jackson  &  Co . 

Oregon  Railway  and  Navigation  Co. . . 

Department  of  the  Interior . 

George  Ryneal,  jr . 

C.  C.  Willard . 

Pay  roll  of  employes . 


Total. 


For  what  paid. 


Supplies . 

Transportation  of  assistants . 

_ do . 

. .  do . . 

Freight . . .  . 

Irrigation  supplies . . 

. .  .do . 

Repairs  to  typewriter . 

Miscellaneous  supplies . 

Transportation  of  assistants . 

Irrigation  supplies . 

Supplies . 

Office  rent,  January  7  to  31, 1890. . . . 
Pay  for  January,  1890  . 


Amount, 


1 


$142. 50 
35.00 
50.20 
12.85 
27.40 
2.20 
2.25 
2.50 
9.00 

13.88 

62.88 
119.00 
215. 00 
161.62 


1,856.28 


Geological  Survey,  during  January,  1890 


Date  of 
pay¬ 
ment. 

No.  of 
|  voucher. 

To  whom  paid. 

• 

For  what  paid. 

Amount. 

1890. 
Jan.  17 

1 

A.  B.  Ely . 

Stock . 

$75.00 
3.15 
10. 00 
56.55 
85.00 
199. 22 
3. 35 
130. 98 
60.00 
75.  GO 
258.30 
240.00 
344.40 
125.00 
206.70 
292.80 
630. 86 
50.00 
200.00 
5. 52 
65. 83 

17 

2 

Henry  J.  Green . 

Instruments . 

22 

3 

T.  M.  Bannan . 

Field  expenses. . . 

4 

...  .do . 

Traveling  expenses 

27 

5 

Gore,  Jauey  &  Co  . 

Office  furniture . 

27 

6 

Anson  Mills . 

Field  expenses . 

28 

7 

The  Columbia  Phonograph  Co . 

Office  expenses . 

28 

8 

W.  A.  Farish . 

Field  expenses . 

31 

9 

H.  P.  Croft . 

Services,  January,  1890 

31 

10 

Harold  M.  Dyar . 

. .  .do . 

31 

11 

A.  D.  Foote.  . 

31 

12 

Pay  roll . 

.  .  .do . 

31 

13' 

E.  S.  Nettleton . 

...  do . 

31 

14 

John  B.  Rogers . 

...  do . 

21 

15 

Sumner  H.  Bodfish  . 

31 

16 

Pay  roll . 

31 

17 

...  do . 

31 

18 

W.  L.  Wilson . 

....  do . 

31 

19 

W.  W.  Follett . 

31 

20 

Library  Bureau . 

Office  supplies . 

31 

21 

F.  H.  Newell . 

Field  expenses. . 

Total . 

3,117. 66 

Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  January,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Jan.  9 

1 

Charles  W.  Howell . 

Services,  December  1  to  31,  1889. . . . 
Forage . 

$60.00 
72.45 
30.25 
38. 22 
1,338.20 
1,868.70 
50.00 
50.00 
60.00 

9 

2 

William  Kronig . 

11 

3 

Monroe  Sonnichsen . 

Traveling  expenses 

.  14 

4 

E.  M.  Douglas . 

Field  expenses . 

31 

5 

Pay  roll  for  January . 

Office  force . 

31 

6 

. . .  .'do . ' . 

....  do . 

31 

7 

Julien  J.  Mason . 

Services,  January,  1890 

31 

8 

Ewing  Speed . 

. . .  .do . 

31 

9 

Louis  William  Mohun  . 

31 

10 

H.  C.  Rize» . 

. . . do . 

189  40 

31 

11 

J.  W.  Dobbins . 

...  .do . 

50  00 

31 

12 

William  H.  Otis . 

...  .do . 

25  00 

31 

13 

A.  H.  Thompson  . 

....  do  . 

258. 30 

31 

14 

C.  H.  Fitch.* . 

....  do . 

155.00 

Total  . 

4, 245. 52 

i 
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Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk,  U.  S. 
Geological  Survey,  during  February,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
vouche 

1890. 

Feb.  12 

1 

12 

3 

14 

16 

14 

17 

17 

20 

17 

22 

25 

26 

26 

27 

26 

28 

27 

29 

2« 

31 

28 

32 

28 

38 

28 

39 

28 

40 

28 

46 

28 

54 

To  whom  paid. 


Robert  Boyd . 

W.  H.  Lowdermilk  &  Co . 

Newman  &  Son . 

Julius  Lansburgh . 

_ do . • . 

W.  B.  Moses  &  Son . 

Adams  Express  Co . 

E.  E.  Jackson  &  Co . 

George  Ryneal,  jr . 

Chicago,  Burlington  and  Northern  R.R. 

George  W.  Knox . 

C.  C.  Willard  ....  . . 

Wash.  B.  Williams  . . 

Adams  Express  Co . 

The  Texas  and  Pacific  Rwy . 

James  J.  Seymour . 

Pay  roll  of  employes . 


Total 


For  what  paid. 

Amount. 

$19.23 

25.00 

1.70 

2.55 

. .  do  . :  . 

17.48 

106. 23 

Freight  charges . 

51.15 

19.30 

79.43 

1.71 

Freight  charges . 

70.00 

Office  rent,  February,  1890 . 

266. 66 

24.32 

Freight  charges,  November,  1889. . . 
Transportation  of  assistants . 

246.68 

59.25 

Services,  February,  1890 . 

50.00 

1,106.40 

2, 147. 09 

Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U.  S. 
Geological  Survey,  during  February,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

1890. 
Feb.  4 

22 

4 

23 

4 

24 

5 

25 

5 

26 

5 

27 

6 

28 

6 

29 

10 

30 

10 

31 

10 

32 

10 

33 

10 

34 

10 

35 

11 

36 

11 

37 

11 

38 

11 

39 

13 

40 

13 

41 

15 

42 

15 

43 

17 

44 

17 

45 

17 

46 

18 

47 

28 

48 

28 

49 

28 

50 

28 

51 

28 

52 

28 

53 

28 

54 

28 

55 

28 

56 

28 

57 

28 

58 

28 

59 

28 

60 

To  whom  paid. 

For  what  paid. 

Amount. 

F  eld  expenses . 

$5.00 

Pay  roll . 

Services*  January,  1890. ...  . 

190.00 

.  do . 

225.  GO 

Services,  January  1  to  27,  1890 . 

43. 55 

. .  .do . 

116. 13 

Services,  January,  1890 . 

344. 40 

W  W  Follett 

Field  expenses . 

144.80 

Services*  January,  1890 . 

20.00 

Office  rent . 

50. 00 

Subsistence  supplies . 

25.29 

Services,  January,  1890 . 

125.00 

Office  rent . 

35.00 

Denver  Transit  and  Warehouse  Co  . . . 

Rent  of  storage . 

20.00 

J.  L.  Armstrong  . 

Services,  July  1  to  December  31, 1889 

79.50 

George  Glover . 

Drawing  table . 

16.00 

Field  expenses . 

7.75 

Services*  January,  1890 . 

207. 50 

W  TT  Farish 

Field  expenses . 

177. 43 

W  T,  F  Guriev 

Instruments . 

125.00 

. .  do . 

1.58 

Field  expenses . 

32.85 

...  do . 

Traveling  expenses . 

7.50 

Field  expenses . 

28.65 

Instruments . 

100.00 

Office  supplies . 

5.12 

F  W  Woodruff 

.  do . . 

3.00 

H  P  Croft 

Services,  February,  1890 . 

60.00 

...  do . 

233. 40 

...  .do . .  . 

618.26 

.  do .  . 

264.40 

...  do . 

125.  (X) 

.  .  do . 

186. 60 

. .  do . 

311.20 

120.00 

Services,  February,  1890 . 

240. 00 

. .  do .  . 

75.00 

W  W  Follett 

...  do .  . .' . 

200.00 

...  .do . 

50.00 

F  14  Newell 

Field  expenses . 

67.00 

Total 

4, 686. 91 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  February,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Feb.  8 

8 

1 

2 

Atchison,  Topeka  and  Santa  F6  R.  R. 
Spratten  &  Anderson . 

Material . 

$8. 10 
4.80 
3.00 
90.00 
12.00 
60.00 
90.00 
60. 00 

8 

3 

_ do . 

10 

4 

H.  C.  Danberg . 

Feed,  and  care  of  stock  in  January 
Field  expenses. 

10 

5 

Alexander  C.  Barclay . 

12 

6 

Charles  W.  Howell . 

Services  in  January 

28 

7 

H.  C.  Danberg . 

Feed,  and  care  of  stock  in  February 
Services  in  December 

28 

8 

Amos  Scott . . . 

28 

9 

....  do . 

Services  in  January  and  February . 
Services  in  February 

28 

10 

Charles  W.  Howell . 

60.00 

50.00 

25.00 

50.00 

50.00 

60.00 

1,208.60 

1,065.40 

1,026.80 

140.00 

28 

11 

J.  W.  Dobbins . 

....  do . 

28 

12 

William  H.  Otis . 

28 

13 

Ewing  Speed . 

...  do . 

28 

14 

Julien  J.  Mason . 

....do  .... 

28 

15 

Louis  William  Mohun . 

....  do 

28 

16 

Pay  roll  for  February . 

Office  employes. . . 

28 

17 

. .  .do . 

...  .do  ......... .  . 

28 

18 

—  do . 

. . . .do  . . 

28 

19 

C.  H.  Fitch . 

Total . 

4, 183. 70 

_ 

Abstract  of  disbursements  made  by  John  D.  McChesney,  chief  disbursing  clerk,  U.  S. 

Geological  Survey,  during  March,  1890. 


Date  of 
Pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Mar.  6 

3 

Julius  Lansburgh . 

Supplies 

$14. 25 
26.90 
8.45 

17.50 
59.00 

2.00 

78.00 

8.74 
67.52 

1,218.30 

5.75 

12. 50 
266. 66 

11 

11 

16 

17 

Atchison,  Topeka  and  Santa  F6  R.  R . 
William  D.  Clarke  &  Co . 

Transportation  of  assistants . 

Supplies . . . 

14 

20 

Office  Specialty  Manufacturing  Co. . . . 

14 

21 

Pennsylvania  R.  R . 

Transportation  of  assistants 

18 

31 

John  C.  Parker . 

Supplies . . . 

22 

40 

Belt  &  Dyer . 

25 

43 

Julius  Lansburgh . 

Irrigation  supplies . 

Supplies 

29 

50 

George  Ryneal,”jr . 

31 

60 

Pay  roll  of  employes . 

Services,  March,  1890 

31 

74 

Atlantic  and  Pacific  R.  R . 

Transportation  of  assistants 

31 

75 

Chicago  and  Northwestern  R.  R . 

...  .do . 

31 

76 

C.  C.  Willard . 

Rent  of  office,  March,  1890 . 

Total . 

1,785.57 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent  U.  S. 

GeologicS,  Survey,  during  March,  1890. 


Date  of 

pay¬ 

ment. 


1890. 

Mar.  3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


4 

4 

4 

6 

6 

6 

8 

8 

8 

13 

13 

13 

15 

17 

17 

17 

18 
18 
20 

24 

25 

26 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


31 
31 
31 
31  | 
31 
31 
31 
31 
31 
31 
31  ! 
31  J 
31  | 
31  ! 
31 
31 


61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 
101 
102 

103 

104 

105 

106 

107 

108 

109 

110 
111 
112 

113 

114 

115 

116 

117 

118 

119 

120 
121 
122 

123 

124 

125 


To  whom  paid. 


For  what  paid. 


Pay  roll . 

Lewis  C.  Goldsborongh . 

Den'  er  Transit  and  Warehouse  Co  . . . 

E. C  Hawkins . . 

Pay  roll . 

J.  B.  Williams . 

George  Sandow . 

_ do. . . . 

Wm.  Ham  Hall . 

B.  F.  Groves.  . 

Keuffle  &  Esser  Company . 

W.  W.Follett — . 

_ do  . 

L.  C.  Fraser  . 

Frank  M.  Smith . 

Anson  Mills . 

Gerald  F.  Sherman . 

Pay  roll . 

Harold  M.  Dyar . 

L.  D.  Hopson . 

_ do . 

W.A.  Farish . 

F.  Daugle . 

Wm.  P.  Trowbridge,  jr . 

Frank  P.  Thwaites . 

Frank  R.  Coffin  &  Bro . 

R.  P.  Irving . 

Robert  Robertson . 

B.  F.  Groves . 

L.  D.  Hopson . 

F.H.  Newell . ] 

J.  B.  Williams . 

Wm.  Ham  Hall . 

Pay  roll . 

_ do . 

L.  D.  Hopson . 

Pay  roll . 

Curt.  W.  Miller  . 

Pay  roll . 

_ do . 

W.  W.  Follett . 

W.  L.  Wilson . 

Pay  roll . 

_ do  . 

Sumner  H.  Bodflsh . 

Jno.  B.  Rodgers . 

A.  D.  Foote . 

J.  B.  Williams . 

E.  S.  Nettleton . 

Main  &  Winchester . 

Clot  &  Meese . 

B.  F.  Groves . 

F. M.  Smith . 

HP.  Croft . 

Harlen  Pefley . 

A.  D.  Foote . 

Lewis  C.  Goldsborough . 

Denver  Transit  and  Warehouse  Co  . . . 

L.  C.  Rice . 

E.  C.  Hawkins .  . 

J.  L.  Armstrong . 

Hendrie  and  Bolthoff  Manufacturing 

Company. 

J.  J.  Lallie . 

W.  E. Scott  &  Co . 

N.  F.  Hoyt . 


Services.  February,  1890  . . 

Rent  of  office  . 

Rent  of  store  room . 

Services,  February,  1890  . 

...  do . 

Field  expenses . 

. . . do . 

Services,  February  1  to  18, 1890 

Services,  February,  1890  . 

Traveling  expenses . 

Instruments . 

Traveling  expenses . 

Field  expenses  . 

Rent  of  office . 

Traveling  expenses . . 

Field  expenses . 

Services,  February  10  to  22,  1890 

Services,  February,  1890  . 

Field  expenses . 


Traveling  expenses . 

Field  expenses . 

Field  supplies . 

Services,  February  22  to  28, 1890 

Field  expenses . 

Field  supplies . 

Traveling  expenses . 

. .  .do . 

_ do . 

Field  expenses . 

_ do . 

Traveling  expenses . 

Services,  March,  1890 . 

_ do . 

. .  do . 

...  do . 

_ do . . 

_ do  . 

_ do . 

_ do . 

_ do . 

_ do . 

. ...  do . . 

_ do . 

_ do . 

_ do . 

_ do . 

_ do . . 

_ do . 

Field  material . . 

_ do . 

Traveling  expenses . 

Field  expenses . 

Services,  March,  1890 . 

Field  material,  etc . 

Traveling  expenses . , . 

Rent  of  office . 

Rent  of  store  room . 

Electrical  supplies . 

Services,  March,  1890 . 

Services,  January  1  to  March  31,1890. 
Field  material . 

Repairs  to  instruments . 

_ do . 

Services,  January  1  to  March  31, 1890. 


Amount. 


$176. 78 
35. 00 
20.00 
125.00 
20.00 
12.60 
14.99 
96.43 
311.20 

35.60 
15.00 

22. 85 

92.25 
50.00 

51.50 
5.00 

34.82 

207.50 

50.80 

44.85 

38.50 
57.36 
29. 23 
25.00 
11. 75 

69. 25 
34. 15 

74.85 
14.94 
59. 10 

105. 55 

117. 60 
344. 40 
210. 48 
144. 68 

75.00 
75.00 
20.00 
150. 00 
143.38 
200.00 
50.00 
292.80 
295.86 
206. 70 
125.00 
258. 30 
100.00 
344.40 

20.50 
90.00 

4.25 
63.88 
60. 00 
77.  (X) 
66.00 
35.00 
20.00 
43.55 
125.00 
27.00 
29. 40 

61. 65 
16.45 
30.00 


Total 


5, 865. 13 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent  U.  S.  Geoloqical 

Survey,  during  March,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Mar.  4 

1 

Wm.  Kronig . 

$64. 67 
62. 50 
12.00 
3.00 
.87 
30.00 
6.00 
6.00 
2. 40 
3.00 
90.00 
50. 00 
25.00 
60.00 
60.00 
50.00 
50.00 
60.0) 
155. 00 
1,179.80 
1,136.60 
1,338.20 

4 

2 

....do . 

5 

3 

Isaiah  ftendell 

6 

4 

P.  E.  Harroun . 

Labor  . 

18 

5 

E.T.  Perkins,  jr. . . . 

Telegrams  . 

24 

6 

John  H.  Hughes . 

Material 

31 

7 

C.  L.  Walker . 

Storage 

31 

8 

John  Hartmann . 

31 

9 

Spratlen  &  Anderson . 

Material  .  . 

31 

10 

— do . 

31 

11 

H.  C.  Dangberg . 

31 

12 

J.  W.  Dobbins . 

Services,  March  189ft 

31 

13 

Wm.  H.  Otis . 

31 

14 

Chas.  W.  Howell . 

31 

15 

Amos  Scott . 

31 

16 

Julien  J.  Mason . 

31 

17 

Ewing  Speed . 

...  do . 

31 

18 

Lewis  William  Mohun . 

_ do . 

31 

19 

C.  H.  Fitch . 

....  do  . . 

31 

20 

Pay  roll . 

31 

21 

—  do . 

....do . 

31 

22 

—  do . 

....  do  . . 

Total . 

Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk  U.  S. 
Geological  Survey,  during  April,  1890 —Irrigation. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

A  mount. 

1890. 
April  9 

2 

E.  E.  Jackson  &  Co . 

Supplies . 

$9.60 
10.00 
7. 40 
.60 

9 

3 

George  Ryneal,  jr . 

11 

11 

10 

11 

Adams  Express  Co . 

—  do . 

Freight,  December,  1889  . 

11 

12 

...  do . 

Freight,  February,  1890 . 

Services,  April  1  to  15,  1890 . 

Freight,  November,  1889,  to  Febru¬ 
ary  28,  1890. 

Services  . 

15 

13 

Richard  J.  Hinton . 

4.  li) 

19 

21 

United  States  Express  Co . 

1 1),  uu 
99. 40 

12.00 

30 

32 

Columbia  Phonograph  Co . 

30 

33 

C.  C.  Willard  . 

Rent  of  office,  April,  1890  . 

Services,  April,  1890 . 

30 

43 

Pay  roll  of  employes . 

1,032.50 

Total . 

1  517  31 

11  GEOL.,  PT.  2 - 22 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent  U.  S. 

Geological  Survey,  during  April,  1890. 


Date  of 
pay¬ 
ment. 


1890. 

April  3 
3 
3 

3 

4 
4 
8 
8 
8 
9 
9 
9 
9 
9 
9 

16 

16 

16 

16 

16 

17 

17 

18 
18 
18 
19 
21 
23 
25 
25 
25 
25 
25 
25 
28 
28 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 


u 

M-i  0) 

£  o 
t> 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 
81 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 
62 
63 


To  whom  paid. 

For  what  paid. 

Amount. 

Field  material . . 

$64.43 

Field  supplies . 

30.24 

Field  material . 

41.00 

232. 88 

Field  expenses . 

10.25 

Instruments . 

17.00 

Office  rent . 

50.00 

Harold  M.  Dyar .  . 

75.00 

Services,  March  7  to  31,  1890 . 

48.38 

Field  expenses . 

44.60 

. .  .do . .  r . 

93.60 

Hr%  .  ... 

Traveling  expenses . 

81.30 

. .  do . 

17.25 

Hr»  . 

Field  expenses . 

138. 54 

Services*  March  1  to  14,  1890 . 

56.45 

Services,  March,  1890 . 

7.50 

Field  expenses . 

43.16 

. .  .do . 

8.75 

Instruments . 

10.00 

Field  expenses . 

71.05 

. . . .do . 

27. 94 

. . . do . 

22.21 

. , . .do . 

177. 89 

. . . .do . 

99.50 

...  do . 

60.62 

....  do . 

54.40 

Traveling  expenses . 

74.85 

Field  expenses . 

186. 47 

. . .  do . 

61.20 

Hr*  . 

Traveling  expenses . 

10.25 

. .  .do . 

12.00 

...  do . 

77.00 

_ do . 

64.55 

Hn 

. . .  do . 

171. 86 

Field  expenses . 

114.15 

. .  do . 

177. 50 

Services,  April,  1890 . 

280.20 

_ do . 

210.00 

_ do . 

290. 26 

125.00 

...  do . 

197.80 

...  do .  . 

150.00 

....  do . 

150.00 

...  do . 

165.00 

_ do . 

173. 66 

_ do . 

210.00 

....  do . 

•247.25 

...  do . 

75.00 

....  do .  . 

75.00 

. .  .do . 

60.00 

W  W  TTnllptt 

...  do . 

200.00 

W  T,  Wilson 

...  .do . 

50.00 

...  .do . 

125.00 

....  do . 

20.00 

.  . . do . 

75.00 

Rent  of  office . 

35.00 

Denver  Transit  and  Warehouse  Co  . . 

20.00 

Field  expenses . 

75. 21 

Traveling  expenses . 

40.55 

Field  expenses . 

25.00 

Field  supplies . 

62. 61 

.  .  . do . 

31.25 

Subsistence  supplies . 

28.16 

5.730.77 

REPORT  OF  PROF.  A.  H.  THOMPSON. 


339 


Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  April,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
Apr.  3 

3 

1 

John  Sunderland . 

Storage . 

$9.00 
14.75 
72.57 
98.00 
10.05 
54.18 
10.33 
.90 
8.60 
20.00 
90.00 
60  00 

2 

Gross,  Blackwell  &  Co . 

Material . 

7 

3 

William  Kronig . 

Feed  and  care  of  stock 

8 

4 

Samuel  McDowell . 

Forage . 

16 

5 

J.  W.  Dobbins . 

Traveling  expenses 

16 

6 

_ do . 

Field  expenses. . . 

16 

7 

_ do . 

16 

8 

...  .do . 

16 

9 

S.  C.  Gallup . 

Material  ... 

21 

10 

Northern  Pacific  R.  R . 

Labor  and  material. . 

30 

11 

H.  C.  Dangberg . 

Feed  and  care  of  stock 

30 

12 

Charles  W7  Howell . 

Services,  April,  1890. . . 

30 

13 

J.  W.  Dobbins . 

50.00 

30 

14 

William  H.  Otis . 

25.00 

50.00 

30 

15 

Ewing  Speed . 

30 

16 

Julien  J.*  Mason . 

....  do  . . 

50  00 

30 

17 

Louis  William  Mohun . 

60.00 

30 

18 

C.  H.  Fitch . 

148.30 

30 

19 

Pay  roll . 

Office  employes. . . 

1,087.85 
1,129. 10 
1,280.90 

30 

20 

_ do . 

. ...  do  .  . 

30 

21 

...  .do . 

....  do . 

Total . 

4,329.53 

Abstract  of  disbursements  made  by  John  D.  McCliesney,  chief  disbursing  clerk, 
U.  S.  Geological  Survey,  during  May,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
May  8 

8 

13 

17 

28 

31 

31 

14 

15 
24 
29 
48 
70 
74 

George  Ryneal,  jr . 

L.  H.  Schneider’s  Son . 

Material  and  supplies . 

...  .do  .  . 

$31.14 
.60 
6.90 
.50 
8.60 
582. 40 
266. 66 

896.80 

Denver  and  Rio  (Srande  R.  R . 

M.  W.  Beveridge . 

Transportation  of  assistants . 

Supplies  . 

E.  E.  Jackson  &  Co . 

Pay  roll  of  employes . 

C.  C.  Willard . 

Irrigation  supplies . 

Services,  May,  1890 . 

Rent  of  office . 

Total . 

340 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U.  S. 

Geological  Survey,  during  May,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 

64 

Rent  of  office . 

$50. 00 

65 

H  P  Croft 

Services,  April,  1890 . 

'60.00 

5 

66 

. . .  do . 

329. 70 

7 

67 

W  W  Follett  . 

Field  expenses . 

148.22 

10 

68 

Traveling  expenses . 

9.25 

10 

69 

Field  expenses . 

64.75 

12 

70 

Field  material . 

53.50 

12 

71 

.  .do . 

105. 00 

12 

72 

Hire  of  field  transportation . 

38.00 

12 

73 

Traveling  expenses . 

165. 60 

13 

74 

Field  expenses . 

46.13 

13 

75 

W  H  Farish  . 

_ do . 

244.72 

14 

76 

F.  H.  Newell 

...  .do . . 

80.00 

14 

77 

....  do . 

158.76 

15 

78 

....  do . 

62.82 

15 

79 

.do . 

14.70 

15 

80 

Traveling  expenses . 

10. 50 

17 

81 

Anson  Mills . 

Field  expenses . 

28.46 

19 

82 

F.  M.  Smith . 

....  do .  . 

116.24 

17 

83 

P.  H.  Christie . . . 

. .  .do . 

45. 55 

20 

84 

R.  S.  Johnson. 

. . . do . 

33.80 

20 

85 

...  .do . 

...  .do . 

6.50 

20 

86 

. .  .do . 

...  .do . 

6.50 

20 

87 

Hume  &  Else . 

....  do . 

10.00 

20 

88 

Conrad  &  Conrad . 

.  .do . 

20.75 

20 

89 

J.  C.  Smith . 

Forage  of  stock . 

55.70 

20 

90 

Overland  Freight  Transfer  Co . 

Storage  . 

20.00 

20 

91 

M.  H.  Jones . 

. . . do . 

9  00 

20 

92 

E.  S.  Nettleton . 

Services,  April  1  to  15, 1890 . 

164.84 

23 

93 

T.  M.  Bannon . 

Field  expenses . 

186. 52 

23 

94 

....  do  . . 

....  do . 

149. 62 

23 

95 

J.  B.  Williams . 

...  do . 

22.89 

24 

96 

Harold  M.  Dyar . 

. . . do . 

40.33 

24 

97 

. . . do  . 

Traveling  expenses . 

55.35 

26 

98 

J.  B.  Williams . 

....  do . 

94.70 

31 

99 

Pay  roll . 

Services,  May,  1890 . 

137. 10 

31 

100 

...  .do . . 

....  do . 

289. 60 

31 

101 

Pay  roll . 

....  do . 

294.46 

31 

102 

John  B.  Rogers  . 

....  do . 

125.00 

31 

103 

Sumner  H.  Bodfish . 

. . .  .do  . .  . 

204.40 

31 

104 

Harold  M.  Dyar  . 

....  do . 

75.00 

31 

105 

William  B.  Lane . 

....  do . 

60.00 

31 

106 

Frank  P.  Th waites . . . 

....  do . 

75.00 

31 

107 

William  Ham  Hall . 

....  do . 

340.60 

31 

108 

W.  W.  Follett  . 

....  do . 

200.00 

31 

109 

....  do . 

20.00 

31 

110 

A.  D.  Foote  . 

....  do . 

255. 50 

31 

111 

Robert  Robertson . 

Field  expenses . 

96. 60 

31 

112 

Pay  roll . 

Services  May,  1890 . 

150.00 

31 

113 

E.  C.  Hawkins . 

....  do . 

125.00 

31 

114 

Denver  Transit  and  Warehouse  Co.. 

Rent . 

20.00 

31 

115 

W.  W.  Follett . 

Field  expenses . 

94.90 

31 

116 

....  do . 

Traveling  expenses . 

40.25 

5,311.84 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  May,  1890. 


Date  of 
pay¬ 
ment. 

|  No.  of 
|  voucher. 

To  whom  paid. 

For  what  paid. 

Amount. 

1890. 
May  6 

1 

Asahel  Russell . 

Forage  ...  . 

8 

2 

Robert  Cameron . 

Supplies  . 

12.50 
13. 94 
28.30 
3.13 

153.40 

170.40 
50.00 
50.00 

953. 90 
1,166.80 
1,323.20 
60.00 
50.00 
25.00 
90.00 

12 

3 

Bibo  &  Block . 

14 

4 

A.  P.  Davis . 

16 

5 

Gross,  Blackwell  &  Co . 

Forage . 

31 

6 

C.  H.  Fitch . 

Services  M  ay  1 890 

31 

7 

Arthur  P.  Davis . 

....  do . 

31 

8 

Ewing  Speed . 

31 

9 

Julien  J.  Mason . 

31 

10 

Pay  roll . 

31 

11 

—  do . 

31 

12 

_ do . 

31 

13 

Charles  W.  Howell _ 

....  do  .... 

31 

14 

J.  W.  Dobbins . 

....  do . 

31 

15 

William  H.  Otis . 

....  do . 

31 

16 

H.  C.  Dangberg . 

Total . 

Abstract  of  disbursements  made  by  J.  D.  McChesney,  chief  disbursing  clerk,  U.  S. 

Geological  Survey,  during  June ,  1890. 


Date  of 

oj 

pay¬ 

ment. 

§■  S 

£  o 
> 

To  whom  paid. 

1890. 
June  7 

13 

Atchison,  Topeka  and  Santa  F6  R.  R 

18 

60 

H.  M. Wilson . 

21 

62 

George  Ryneal,  jr . 

30 

101 

0.  C.  Willard . 

30 

114 

Pay  roll  of  employes . 

Total . 

For  what  paid. 

Amount. 

Transportation  of  assistants . 

Services,  January  1  to  April  30, 1890. 
Supplies . 

$48.60 

797.80 
4.65 

266. 66 

561.80 

Rent  for  June,  1890 . 

Services,  June,  1890 . 

1,679.51 

Abstract  of  disbursements  made  by  P.  H.  Christie,  special  disbursing  agent,  U.  S. 

Geological  Survey,  during  June,  1890. 


Date  of 
pay¬ 
ment. 

No.  of 
voucher. 

I 

To  whom  paid. 

For  what  paid. 

1890. 
June  2 

117 

Robert  Robertson . 

Traveling  expenses 

3 

118 

Oliver  Roberts . 

Subsistence .  . 

3 

119 

W.  L.  Wilson . 

3 

120 

H.  P.  Croft . 

3 

121 

Pay  roll . 

4 

122 

R.  W.  Parry . 

Forage  of  stock 

4 

123 

Arcade  Hotel . 

Subsistence . 

4 

124 

T.  M.  Bannon . 

Services,  May,  1890 

7 

125 

Pay  roll . 

_ do . 

16 

126 

H.  M.  Wilson . 

16 

127 

L.  C.  Goldsborough . 

Rent  of  office. .  . . 

16 

128 

E.  C.  Hawkins . 

Field  expenses .  . 

17 

129 

William  P.  Trowbridge . 

_ do . 

17 

130 

T.  M.  Bannon . 

Traveling  expenses  . . 

18 

131 

F.  H.  Newell . 

Field  expenses 

18 

132 

Robert  Robertson . 

Traveling  expenses  . 

18 

133 

John  C.  Parker . 

Stationery  . . 

18 

134 

F.  M.  Smith . 

Field  expenses . . . 

18 

135 

Robert  Robertson . 

_ do  . . ? . 

19 

136 

T.  M.  Bannon . 

. . .  .do  . . 

19 

137 

W.  A.  Farish . 

. . .  .do . 

20 

138 

J.  B.  Williams . 

20 

139 

—  do . 

21 

140 

G.  F.  Wakefield . 

_ do  . .  r . . 

21 

141 

P.  H.  Christie . 

....  do  . . 

21 

142 

Harold  M.  Dyar . 

Services,  June  1  to  15,  1890 . 

Amount. 


$89. 85 
28.00 
16.12 
60.00 
195.00 
62.00 
59.62 
75.00 
270.00 
204. 40 
35.00 

15. 10 
30.22 
35. 35 
11.08 

34.10 
3. 00 

68.08 
142. 55 
119.53 
154. 59 
68.85 
55.30 
73.58 
5.00 
37.50 
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Abstract  of  disbursements  made  by  P.  H.  Christie,  etc.—  Continued. 


Date  of 
pay¬ 
ment. 


4-1  0) 

fc  o 
> 


1890. 

June  23 
24 
24 
24 

24 

25 
25 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
39 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
36 
30 
30 
30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 


143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 
161 
162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 
183 


187 


191 


To  whom  paid. 

For  what  paid. 

Amount. 

Traveling  expenses . 

$16. 50 

Frank  P.  Thwaites . 

Field  expenses . 

Traveling  expenses . 

11.09 

16.95 

. . . do . 

21.05 

. 

Field  expenses . 

46.10 

Traveling  expenses . 

28.00 

.  do . 

43.25 

Services,  June,  1890 . 

280.20 

_ do . 

322. 80 

.  .do . 

290. 26 

_ do . 

150.00 

...  do . 

115.00 

. . . .do . 

176. 66 

...  do . 

197.80 

. ...  do .  . 

200.00 

Field  expenses . . 

5.00 

. .  .do .  . 

19.25 

. ...  do . . 

63. 72 

. .  .do . 

75.09 

Forage  of  stock . 

128. 70 

. .  do . . 

131.25 

Services,  May  and  June,  1890 . 

12.00 

Services,  April.  1890  . 

10.00 

Traveling:  expenses . 

53. 55 

Services,  May  1  to  24,  1890 . 

89. 02 

Field  expenses . 

18.93 

Services,  June,  1890 . 

20.00 

do . 

75.00 

Services,  April  17  to  30, 1890 . 

42.00 

Field  expenses . 

65.83 

. .  .do . 

67.06 

Services,  June,  1890 . 

60.00 

Field  material . 

86.31 

T  T  T.flllift  . 

Repair  of  instrument . 

60. 65 

.  .  do . 

12.30 

Hendrie  &  Bolthoff  Manufactur’g  Co. 

Field  material . . . . 

. .  .do . 

63.57 

30.00 

do . 

67.95 

do 

....  do . 

42.10 

21.39 

Services  and  cartage,  April  14  to  16, 

12.50 

1890. 

Services  and  material . 

15.35 

.do . 

9.00 

13.01 

W  W  T4ricrcr<5  Rr  ftr» 

. .  do . 

12.00 

63.45 

.  .do . 

35.00 

Hire  of  transportation . 

35.00 

Cl  TT  WoVafialH 

Field  expenses . 

17.40 

W  P  Mprrill 

Subsistence  and  forage . 

17.00 

Barney  Gilmore . 

P  W  Pa  rrv 

Services,  May  1  to  June  30,  1890  . . . 
Forage  of  stock . 

20.00 

21.00 

3.58 

John  McMartin . 

Services,  May  12  to  June  10,  1890  . . 
Forage . 

6.00 

29.25 

Subsistence . 

4.25 

Hire  of  transportation . 

11.00 

Field  expenses . 

4.00 

5.00 

Forage  and  subsistence . 

23.83 

Subsistence . 

31.75 

Field  expenses . 

13.93 

Traveling  expenses . 

8.25 

Subsistence . 

49.87 

F  M  Smith 

Field  expenses . 

21.00 

Storage . 

5.80 

T  P  Williams 

Field  expenses . 

42.00 

L.  F.  Hopson . 

Transportation,  etc . 

Field  supplies . 

263.70 

33.65 

i  John  A.  Roebling’s  Son’s  Cj . 

*  HP  Pro  ft, 

22.81 

Services.  June.  1890 .  . 

60.00 

Field  material . 

160.71 

Field  expenses . 

87.68 

£  dn 

do . 

79.65 

Traveling  expenses . 

7.50 

Services,  June,  1890 . 

75.00 

. .  .do .  . 

160.00 

. do . 

247. 25 

.  6,853.32 
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Abstract  of  disbursements  made  by  H.  C.  Rizer,  disbursing  agent,  U.  S.  Geological 

Survey,  during  June,  1890. 


Date  of 
pay¬ 
ment. 

No.  Of 
voucher. 

1890. 
June  20 

1 

20 

2 

20 

3 

20 

4 

21 

5 

21 

6 

24 

7 

25 

8 

25 

9 

30 

10 

30 

11 

30 

12 

30 

13 

30 

14 

30 

15 

30 

16 

30 

17 

30 

18 

30 

1° 

30 

20 

30 

21 

30 

22 

30 

23 

30 

24 

30 

25 

30 

26 

30 

27 

30 

28 

30 

29 

30 

30 

30 

31 

30 

32 

30 

33 

30 

34 

30 

35 

30 

36 

30 

37 

30 

38 

30 

39 

30 

40 

30 

41 

30 

42 

To  whom  paid. 


R.  S.  Woodward . 

_ do . 

_ do . 

H.  S.  Pritchett . 

A.  Russell . 

G.  T.  Nash . 

Carver  Mercantile  Co . 

Arthur  P.  Davis . 

A.  P.  Davis . 

Employes . 

_ do . 

_ do . 

A.  P.  Davis . 

C.  H.  Fitch . 

H.  C.  Rizer . 

J.  W.  Dobbins . 

William  H.  Otis . 

S.  S.  Mitchell . 

J.  D.  Reeves . 

John  Sunderland . 

C.  L.  Walker . 

John  Hartmann . 

R.  W.  Parry . 

J.  W.  Miller . 

Amos  Scott . 

H.  C.  Dangberg . . . — 

Charles  W.  Howell . 

J.  B.  Block . 

Hughes  &  Stoffel . 

T.  J.  Shinick . 

R.  W.  Parry . 

J.  Stewart  Tod . 

Frank  Ervin . 

James  Mayberry . 

Conrad  &  Conrad  . 

Overland  Freight  Transfer  Co . 

Pitts  &  Woolley . 

John  S.  Halsey . 

L.  C.  Goldsborough . 

The  Denver  Transit  Warehouse  Co 

Charles  Kreiling . 

C.  W.  Moore . 

Total . 


For  what  paid. 

Amount. 

$42. 75 
129.55 

do . 

183  17 

Services,  April  29  to  June  17,  1890. . 

250. 00 
36. 00 

. . . do . 

23.36 

35.00 

Traveling  expenses . 

58.95 

Field  expenses . 

78.50 

Pay  roll,  June,  1890 . 

1,280.90 
1,054.90 
923. 05 

. . . do . 

. .  .do . 

164. 80 

. .  .do . 

148. 30 

Traveling  expenses . 

45.00 

50.00 

25.00 

45.00 

38.50 

. . . do . 

9.00 

6.00 

.  do . 

6.00 

do  . 

6,00 

Supplies . 

9.25 

Services,  April  1  to  June  30,  1890. . . 

180.00 

90.00 

60.00 

17. 50 

5.60 

14.25 

23.75 

40. 96 

20.00 

184.22 

24.00 

11.66 

56.00 

38.33 

35.00 

20.00 

20.00 

35.00 

5, 525. 25 

Total  amount  expended,  as  per  detailed  statement  herewith,  to  June  30,  1890  . 
Amount  of  bonded  railroad  accounts  settled  through  Treasury  Department,  viz: 

Freight . 

Transportation  of  assistants . 


$394. 80 
3,265.81 


$235, 657. 63 

3, 660. 61 


239,318.24 


Total 
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The  following  is  a  list  of  books,  pamphlets,  anil  articles  on  irrigation  and  allied 
subjects,  mainly  contained  in  the  library  of  the  U.  S.  Geological  Survey.  It  is  not 
a  complete  bibliography,  but  has  been  prepared  by  members  of  the  U.  S.  Geolog¬ 
ical  Survey  for  the  convenience  of  students  of  irrigation.  The  principal  titles  of 
this  list  have  been  taken  from  a  card  catalogue  prepared  by  Mr.  Charles  A.  Burnett, 
to  which  numerous  additions  have  been  made  by  other  persons,  notably  of  references 
to  subjects. 

The  following  abbreviations  or  contractions  are  used  in  this  list: 

Am.  Inst.  Min.  Eng.:  For  American  Institute  of  Mining  Engineers,  New  York. 

Am.  Met.  Jour.:  For  American  Meteorological  Journal. 

Am.  Soc.  C.  E.:  For  American  Society  of  Civil  Engineers,  New  York. 

Ann.  cles  Fonts:  For  Anuales  des  Pouts  et  Chauss^es. 

Chief  Eng.,  U.  S.  A.:  For  Annual  Report  of  the  Chief  of  Engineers,  United  States 
Army,  to  the  Secretary  of  War. 

M.  I.  C.  E.:  For  Minutes  of  Proceedings  of  the  Institution  of  Civil  Engineers,  with 
other  selected  and  abstracted  papers,  London  (consists  of  105  volumes  to  1891). 

Senate  Report:  For  Report  of  the  Special  Committee  of  the  United  States  Senate  on 
the  Irrigation  and  Reclamation  of  Arid  Lands,  Fifty-first  Congress,  first  session, 
Report  No.  928  (in  6  volumes). 

U.  S.  Agr.  Dep.:  For  United  States  Department  of  Agriculture. 

U.  S.  G.  S.:  For  United  States  Geological  Survey. 

U.  S.  Ini.  Dep.:  For  United  States  Department  of  Interior  (including  United  States 
Geological  Survey,  Census  Office,  etc.). 


ABBAY  (R.).  Periodicity  of  the  fresh-water  lakes 
of  Australia.  Nature,  vol.  14,  pp.  47-48, 
London,  1876;  also,  Zeitschr.  Met.,  vol.  11, 
pp.  250-251,  Wien,  187G. 

Restoration  of  the  ancient  tank  system  of  ir¬ 
rigation  in  Ceylon.  Nature,  vol.  16,  pp. 
509-512,  London,  1877 ;  also,  Littell’s  Living 
Age,  vol.  153,  p.  489 ;  Eclectic  Engineering 
Magazine,  vol.  18,  p.  52. 

ABBOTT  (W.E.).  Water  supply  in  the  interior  ot 
New  South  Wales.  Trans.  Royal  Soc.  N. 
S.  W.,  vol.  18,  pp.  85-111,  Sidney,  1884. 

ACADEME  DES  SCIENCES.  Comptes-Rendus, 
Paris.  See  in  particular,  Barral,  J.  A.,  Sur 
les  irrigations,  etc. 

ACHESON  (FREDERICK).  The  Victorian  gov¬ 
ernment  prize  essays,  vol.  8,  Melbourne, 
1861,  8°.  Contains  essay  on  the  collection 
and  storage  of  water  in  Victoria,  by'Freder- 
ick  Acheson,  C.  E.,  pp.  1-49. 


AFRICA,  Irrigation  in: 

Cape  of  Good  Hope.  Colonial  botanist  report, 
1866. 

Cape  of  Good  Hope.  Irrigation  commission  re¬ 
port,  1883. 

Cape  of  Good  Hope.  Ministerial  dept,  report, 

1883. 

Collins,  V.  D.,  Agriculture  in  Morocco.  U.  S. 
Agr.  Dept.,  1862. 

Gamble,  J.  G.,  Water  supply,  Cape  Colony. 
M.  I.  C.  E.,  1887. 

Gamble,  J.  G.,  Storage  reservoir,  Achterfeld. 
M.  I.  C.  E.,  1880. 

Halle,  G.,  Public  works  of  Orange  Free  State, 

1884. 

AGRA  CANAL  (India). 

Anderson,  C.  E.  Allahabad,  1878. 

Forbes,  J.  C.  Simla,  1885. 

Public  Works  Department,  Simla,  1885. 

AGRICULTURAL  DEPARTMENT,  U.  S. 

See  U.  S.  Agr.  Dept. 
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ALEXANDER  (B.  S.)  and  others.  Irrigation  of 
the  San  Joaquin,  Tulare,  and  Sacramento 
•  valleys,  1874.  Report  of  the  Board  of  Com' 
missioners  on  Irrigation.  House  Doc.  290, 
43d  Congress,  Washington,  1874. 

Report  upon  the  desert  lands  of  Kern 
County.  See  Haggin,  J.  B.,  1877,  pp.  300-300. 

ALGERIA,  Irrigation  in: 

Blanc,  E.  Sahara  Desert.  M.  I.  C.  E.,  vol.  102, 
p.  375,  1890. 

Crugnola,  C.,  Habra  dam.  M.  I.  C.  E.,  vol.  70, 
p.  447. 

DoumSrc.  Revue  scientiflque,  vol.  40,  p.  235. 
Grad,  C.,  Habra  dam.  M.  I.  C.  E.,  vol.  53,  p.  325 ; 

also,  La  Nature,  1878,  part  i,  pp.  249-299. 

Key,  N.  Scribner’s,  Nov.,  1891. 

Poehet,  L.,  Plain  of  Habra.  Ann.  des  Ponts. 
1875,  pp.  261-387, 3  pi. 

Rolland,  G.,  M.  I.C.  E.,vol.  41,  pp.  247-251, 1875. 
Saint  Pulgent,  L.  de.,  The  Forez  irrigation 
canal.  1872,  64  pp.,  1  map. 

Soci6t6  agricole  et  industrielle  de  Batna  et  du 
sud  alg6rien,  1889. 

Torricelli,  G.,  Laghi  artificali  dell’  Algeria, 
etc.  M.  I.  C.  E.,  vol.  84, 1886.  Abstract  from 
Giornale  del  Genio  Civile,  p.  611, 1885. 

ALKALI  IN  SOILS.  (Composition,  amount,  and 
relation  to  irrigation.) 

Donaldson,  T.,  Public  domain. 

Hilgard,  E.  W.,  Senate  report,  1890. 

Hilgard,  Jones  and  Furnas,  1882. 

Powell,  Arid  region,  1879. 

ALLARD  (E.).  Prevision  of  floods.  Ann.  des 
Ponts,  etc.,  vol.  17, 1889;  also,  M.  I.  C.  E.,  vol. 
99,  p.  432. 

ALLARDT  (G.  F.).  Culture  of  sugar  cane.  Re¬ 
port  on  water  supply  for  irrigation,  etc. 

See  Schuyler,  James  D. 

ALTENECK  (VON  HEFNER).  Electrical  appa¬ 
ratus  for  indicating  the  water  level  in  reser¬ 
voirs.  M.  I.  C.  E.,  vol.  69,  p.  509. 

AMERICAN  CYCLOPAEDIA,  1883.  Irrigation,  vol. 
9,  pp.  414-416. 

AMERICAN  METEOROLOGICAL  JOURNAL. 

Heavy  rainfalls  in  Texas  in  May,  p.  157, 
1884-’85. 

AMERICAN  NATURALIST,  1872.  Irrigation  and 
thefloraof  the  plains.  E.  L.  Greene.  Yol. 
6,  pp.  76-78. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Transactions  of.  New  York.  See  in  partic¬ 
ular  : 

Dorsey,  E.  B.,  Irrigation,  vol.  16,  p.  85. 

Foote,  A.  D.,  Water  meter,  vol.  16,  p.  134. 

Foote,  A.  D.,  Waste  weir,  vol.  18,  p.  59. 
Schuyler,  J.  D.,  Sweetwater  dam,  vol.  19,  p.  201. 
Wilson,  H.  M.,  Irrigation  in  India,  vol.  23,  p. 
217. 

Wilson,  H.  M.,  American  irrigation  engineer¬ 
ing,  vol.  25,  p.  161. 

ANDERSON  (C.  E.).  Damage  to  works  of  Agra 
Canal  by  floods  of  September,  1875,  to  Feb¬ 
ruary,  1877.  Allahabad,  India,  1878. 


ANDERSON  (GEO.  G.).  Large  irrigation  canals. 
Railroad  and  Engineering  Journal,  1890. 

Some  aspects  of  Irrigation.  Denver  Society 
of  Civil  Engineers  and  Architects,  1890,  vol. 
1,  pp.  52-62. 

Construction,  operation,  and  maintenance  of 
large  irrigating  canals.  Trans.  Denver  So¬ 
ciety  of  Civil  Engineers  and  Architects,  vol. 
l,p.  23-42,1890. 

Economical  use  of  water.  Irrigation  Age, 
vol.  1,  Denver,  1891. 

ANDERSON  (J.  C.).  Irrigation  in  Madras  Presi¬ 
dency.  Professional  papers  on  Indian  En¬ 
gineering,  No.  253,  Roorkee. 

ANDERSON  (WILLIAM).  Notes  of  a  journey 
through  the  northeast  portion  of  the  Delta 
of  the  Nile,  1884.  M.  I.  C.  E.,  vol.  76,  pp. 
346-354.  Discusses  irrigation. 

ANNALES  DES  PONTS  ET  CHAUSS^ES.  Paris. 
Contain  numerous  references. 

ANNICUT.  See  Weir. 

ANNIS  (FRANK  J.).  Colorado  State  board  of 
agriculture.  Agricultural  statistics  of  the 
State  of  Colorado,  1886.  Denver,  1888,  8°, 
30  pp. 

AQUEDUCTS. 

On  high  embankments.  Engineering  News, 
New  York,  May  3, 1884. 

ARID  LANDS  OF  THE  UNITED  STATES: 

Dodge,  J.  R.,  Amor.  Assn.  A.  S.,  1889-’90. 

Hilgard,  Jones,  and  Furnas,  1882. 

Powell,  Report  arid  region,  1879. 

IT.  S.  Congress,  Senate  Special  Committee, 
1890. 

ARIZONA  : 

Bancroft,  H.  H.,  Agriculture  and  irrigation, 
1889. 

Black,  J.  A.,  Arizona,  1890. 

Blake,  W.  P.,  1889. 

Gulley,  F.  A.,  Agr.  Experiment  Station,  1890. 

Hamilton,  P.,  Arizona  resources,  1883. 

Hancock,  W.A.,  Agua  Fria  Storage  Enter¬ 
prise,  1891. 

Hill,  J.  R.,  Arizona’s  Development,  1888. 

Hinton,  R.  J.,  Handbook  of  Arizona,  1878. 

King,  C.H.,  Citrus  fruit  belt,  1887. 

Maricopa  County  Immigration  Union,  1887. 

Mowry,  S.,  Address.  Amer.  Geog.  and  Statis. 
Soc.,  1859 ;  new  ed.,  1863. 

Newell,  F.  H.,  Census  Bulletin,  1891. 

O’Neill,  Buckley,  Arizona’s  Ancient  Irriga¬ 
tors,  1891. 

Pinal  County,  Resources,  1889. 
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A. 

Acre-foot  defined,  3. 

Ahern,  J.,  work  of, 393, 305. 

Alabama,  artesian  wells  in,  263. 

Albuquerque,  New  Mexico,  mesas  near,  148. 
Albuquerque  Valley,  description  of,  217-218. 

district,  hydrography  of,  224. 

Algeria,  artesian  irrigation  in,  265-266. 

American  Falls,  Snake  River,  survey  of  canal  at, 
192. 

irrigable  land  near,  197. 

American  Fork  River,  Utah,  irrigation  from,  72-73. 

discharge  of  (table),  104. 

Appropriation  for  irrigation  survey,  278. 

Arid  lands,  testimony  of  J.  W.  Powell  on,  203-289. 
area  of,  203, 250. 

law  to  determine  extent  of,  to  be  redeemed, 
278-279. 

Arid  region,  rainfall  of,  205, 214, 251. 
distribution  of  forests  in,  206-208. 
coal  in,  208-209. 
grasses  of,  209. 

control  of  water  rights  in,  254-256. 
artesian  waters  in,  257-259. 

Arizona,  desert  tracts  in,  209. 
irrigation  in,  227-228. 
irrigable  land  in,  231. 

Arkansas  basin,  hydrography,  45-52. 

Arkansas  division,  work  of,  133-144. 

Arkansas  River,  discharge  at  Canyon  City,  Colo, 
(table),  48, 97. 

discharge  at  Pueblo,  Colo,  (table),  49, 98. 
discharge  of,  47, 48, 49, 51 , 52. 

(East  F ork),  discharge  near  Lead  ville. , Colo,  95. 
(Tennessee  Fork),  discharge  near  Lead  ville, 
Colo,  (table),  96. 

(Lake  Fork),  discharge  near  Leadville,  Colo, 
(table),  96. 

discharge  at  Rock  Canyon,  Colo,  (table),  97. 
discharge  at  La  Junta,  Colo,  (table),  98. 
reservoir  sites  on,  133, 134, 139-144. 
control  of  water  of,  212, 213. 
source  and  course  of,  300-301. 

Arkansas  River  basin,  topography  of,  210. 

Arkansas  River  reservoir  system  in  Colorado,  139- 
144. 

Arkansas  Valley,  mountain  ranges  around,  300. 
Arrow  Creek,  Montana,  storage  facilities  on,  116. 
Artesian  irrigation,  on  the  Great  Plains,  260. 
Artesian  waters,  definition  of  term,  204-205. 
use  of,  in  irrigation,  257-278. 
geology  of,  258, 259. 
value  of,  in  irrigation,  263-266, 275-276. 


Artesian  water  supply,  conditions  affecting,  260- 
262. 

Artesian  wells,  flow  of  water  from,  260, 264. 
Chicago,  262. 
cost  of  boring,  265. 
irrigation  by,  in  Algeria,  265-266. 
geology  of,  on  the  Great  Plains,  266-275. 
Minnesota,  267-268. 

Dakotas,  268-270. 

Dakota  sandstone,  269, 272-275. 

Nebraska,  270. 

Kansas,  271. 

Texas.  272. 

Atlas  sheets,  table  showing  names,  scale,  etc.,  309. 
B. 

Badger  Ci’eek,  Colorado,  reservoir  sites  on,  134. 
Bad  lands,  topography  of,  209. 

Bannon,  T.  M.,  work  of, 35. 

Barclay,  A.  C.,  work  of, 293, 299. 

Bartlett,  P.  V.  S.,  work  of,  293, 295. 

Bassett,  C.C.,  work  of,  293, 306. 

Bear  River,  hydrography,  66-70, 238. 

discharge  at  Battle  Creek,  Idaho  (table),  102. 
discharge  near  Collinston,  Utah  (table),  103. 
Bear  Valley,  California,  reservoir  site  in,  159, 168. 
Beaver  Creek,  Colorado,  reservoir  sites  on,  134. 
Beaver  Head  Valley,  Montana,  storage  sites  in,  118. 
Belt  Creek,  hydrography,  116. 

Belt  Mountains,  use  of  streams  of,  in  irrigation, 
114. 

Benton  Lake  reservoir,  Montana,  125. 

Bien,  Morris,  work  of,  299. 

Big  Springs,  Idaho,  account  of,  198-199. 

Big  Trout  Creek,  Montana,  possible  irrigation 
from,  111. 

Big  Turkey  Creek,  Colorado,  reservoir  sites  on,  134. 
Big  Valley,  California,  work  in,  151. 

Billings,  Montana,  amount  of  water  available 
near,  for  irrigation,  118. 

Blackfoot,  Idaho,  canal  near,  195-196. 

Blackfoot  River,  hydrography,  82, 195. 

Blaektail  Deer  Valley,  Montana,  storage  sites  in, 
118. 

Bodfish,  S.  H.,  work  of,  133. 

Bois6  City,  Idaho,  base  line  near,  303-304. 

Bois6  River  Valley,  features  of,  304. 

Boulder  Creek,  Montana,  reservoir  sites  on,  115. 

Box  Elder  Creek,  Montana,  reservoir  sites  on, 

116. 

Bridges,  Lyman,  work  of,  168. 

Bridges,  Francis,  work  of,  168. 

Bronco  Creek,  discharge  of,  65. 

Brown, G.  A.,  work  of,  169. 

Bryan,  Ohio,  artesian  well  in,  263. 
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C. 

Cache  Creek,  California,  work  on,  152. 

Cache  la  Poudre  Basin,  hydrography,  44. 

Cache  la  Poudre  River,  discharge  of  (table),  44, 
95. 

California,  surveys  in,  154-155. 
desert  tracts  in,  209. 
problems  of  irrigation  in,  2.36-237. 
laws  relating  to  irrigation  in, 242-250. 
California  division  of  hydrography,  work  of,  150- 
168. 

Calif ornia-Nevada  division  of  topography,  work 
of,  294-298. 

Camas  Creek,  hydrography,  84. 

Canadian  Pacific  Railway,  trial  line  of,  282. 

Canal  lines,  work  necessary  to  locate,  285. 

Canal  surveys,  in  Snake  River  Valley,  191-200. 
Canyon  City,  Colorado,  irrigable  lands  near,  210- 
211. 

discharge  of  Kansas  River  at  (table),  97. 
Canyon  Creek,  Idaho,  hydrography,  84. 

Carson  Basin,  Nevada,  hydrography,  65-66. 

stream  gaugings  in  (table),  109. 

Carson  River,  discharge  near  Empire,  Nevada 
(table),  102. 

Carson  Valley,  Nevada,  description  of,  169, 177, 178, 
296. 

.  Cascade  County,  Montana,  work  in,  113,  116. 
Chama  River,  New  Mexico,  hydrography  of,  217, 
224. 

Chapman,  R.  H.,  work  of,  293, 295. 

Chicago,  Illinois,  artesian  water  in,  262. 

Chouteau  County,  Montana,  work  in,  113. 

Christie,  P.  H.,  abstract  of  disbursements  by,  315- 
319, 326-329, 333, 334, 336, 3:38, 340, 341-342. 
Clear  Creek,  Colorado,  discharge  of  (table),  47, 96. 

reservoir  sites-on,  115, 141. 

Clear  Lake,  California,  survey  of,  150-154. 

reservoir  site,  159-164. 

Coal  in  the  arid  region,  208-209. 

Cold  Creek,  California,  table  showing  discharge  of, 
64. 

Cold  Creek  Valley,  California,  irrigation  of,  173. 
Colorado,  reservoir  sites  in,  133, 139-144. 
laws  relating  to  irrigation  in,  240-241. 
topographic  work  in,  299-303. 
forest  area  in,  301. 
irrigable  lands  in,  302-303. 

Colorado  current  meter,  description  and  figure, 
6-8. 

Colorado  River  basin,  hydrography  of,  229-231. 
Corse,  work  of,  299. 

Cottonwood  Creek,  Colorado,  discharge  of  (table), 
47. 

(Middle  Fork)  table  showing  discharge  of,  96. 
(South  Fork)  table  showing  discharge  of,  97. 
Colorado,  reservoir  sites  on,  134. 

Cottonwood  Lake,  Colorado,  reservoir  site,  144. 
Council  Valley,  Weiser  River,  hydrography,  89. 
Crane’s  Park,  Colorado,  reservoir  site  at,  133. 
Cretaceous  coal  in  arid  region,  208-209. 

Croft,  H.  P.,work  of,  35. 

Cuchilla  Negra  mesa,  New  Mexico,  description  of, 
149. 

Current  meters,  description  and  figures,  6-10. 
method  of  using  from  suspended  car,  16-18. 
method  of  rating,  11-14. 


D. 

Dakota,  artesian  waters  in,  257-259, 260, 268-270. 
geology  of,  258, 259. 
agriculture  in,  259. 
deep  wells  in,  277-278. 

Dakota  sandstone,  artesian  water  from,  269, 272- 
275. 

extent  of,  on  the  Great  Plains,  273-275. 

Dams,  use  of,  for  water  storage,  228-229. 

Dam  sites,  work  necessary  to  select,  285. 

Davis,  A.  P.,  work  of,  293, 306, 307. 

Davis, C.  D., abstract  of  disbursements  by, 324. 
Davidson,  Samuel  A.,  acknowledgments  to,  61. 
Denver  basin,  artesian  wells  in,  262. 

Deseret  Canal,  Utah,  history  of,  76-77. 

Desert  regions  in  America,  209. 

Disbursements  of  money,  312-343. 

Diurnal  variation  of  river  height,  18-19. 

Dog  Creek,  Nevada,  discharge  of,  65. 

Donner  Creek,  California,  table  showing  discharge 
of,  64. 

description  of,  173. 

Donner  Lake,  California,  reservoir  site,  173-174, 
182. 

canal  line,  survey  of,  174. 

Douglas,  E.  M.,  work  of,  293. 

Dubuque,  Iowa,  artesian  water  in,  262. 
Dunniugton,  A.  F.,  work  of ,  293, 294, 295. 

Dyer,  H.  M.,  work  of,  35. 

E. 

Eagle  Rock,  projected  canal  near,  192, 195-196, 197. 
Eagle  Rock  and  Willow  Creek  Canal  Company, 
works  of,  194. 

East  Carson  Canal  line,  survey  of,  179, 180. 

East  Fork  of  Arkansas  River,  discharge  of  (ta¬ 
ble),  47. 

reservoir  site  on,  133. 

East  Carson  River,  discharge  near  Rodenbah 
(table),  102. 
weir  on,  178. 

Eight  Mile  Creek,  Colorado,  reservoir  sites  on,  134. 
Eleanor  Lake,  California,  reservoir  site,  167. 
Engineering,  work  of  division  of,  111-200. 

El  Paso,  Texas,  proposed  reservoir  near,  145,218- 
219, 226. 

El  Paso  ditch,  water  carried  by,  146. 

El  Paso  Valley,  hydrography  of,  220-221, 225, 226. 
Embudo,  New  Mexico,  water  used  near,  146. 
Embudo  Canyon  region,  description  of,  217,223. 
Evaporation,  measurement  of,  30-34. 

Evaporation  table,  showing  depth  in  inches  per 
month  at  several  places,  34. 

F. 

Fall  River,  Idaho,  hydrography,  78, 79. 

discharge  of  (table),  105. 

Falls  River,  reservoir  site,  190, 191. 

Farish,  W.  A.,  work  of,  35. 

Farmer,  R.  A.,  work  of,  293,  299. 

Fergus  County,  Montana,  irrigable  land  in,  116. 
Feusier,  H.  E.  C.,  work  of,  293,  294. 

Finch's  Ferry,  Alabama,  artesian  wells  a\  263. 
Fitch,  C.  H.,  work  of,  293,  299. 

Floyd,  R.  S.,  records  of  rise  and  fall  of  Clear  Lake, 
California,  kept  by,  151. 

Follett,  W.  W.,  work  of,  134-135, 145. 
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Foote,  A.  D.,  work  of,  190,  191,  194. 

Forest  fires,  cause  and  prevention  of,  208. 
Forests,  limit  of,  in  mountains,  206-207. 
extent  of  destruction  by  fire,  207-208. 
uses  of,  207. 

value  of,  in  conserving  water,  211,  213-214. 
Sierra  Nevada  Range,  297. 

Forest  area,  arid  region,  206. 

Colorado,  301. 

Idaho,  304. 

Montana,  305-306. 

New  Mexico,  308. 

Fort  Shaw,  Montana,  proposed  canal  near,  121. 
Fountain  district,  Colorado,  topography  of,  213. 
Fteley  current  meter,  10 

G. 

Gallatin  River  hydrography,  38-39,  41. 

Gallatin  Valley,  Montana,  irrigation  in,  118. 
Gauging  streams,  method  of,  280-281. 

Geologic  section  of  he  Great  Plains,  273. 

Gila  basin  hydrography,  58-63, 227. 

stream  gaugings  in  (table),  108. 

Gila  River,  hydrography,  58-59,  60. 

discharge  at  Buttes,  Arizona  (table),  100. 
Governmental  control,  irrigation  under,  254-255. 
Gove,  F.  E.,  work  of,  293,  305. 

Grand  River,  Colorado,  topography  of,  229,  230. 
Grasses  of  arid  region,  209. 

Green  River,  Wyoming,  topography  of,  229,  230. 
Griswold,  W.  T.,  work  of,  293,  303,  304. 

H. 

Hall,  W.  H.,  work  of,  150,  171. 

Haskell  current  meter, description  and  figure,  9-10. 
Hassayampa  dam, Arizona,  destruction  of,  228-229. 
Hayden  Station,  Colorado,  proposed  canal  near 
136. 

reservoir  site,  141-142. 

Hayden,  F.  V.,  geologic  section  by,  273. 

Hays,  J.  W.,  work  of,  293,  299. 

Headwater  districts,  definition  of,  215. 

Henry,  D.  Farrand,  current  meter  devised  by,  6. 
Henry  Lake,  Idaho,  hydrography,  78. 

High  Sierras  of  California,  surveys  in,  155-157. 

reservoir  system  of,  155, 159-168. 

Holman,  Paul,  work  of,  293. 

Hope  Valley  reservoir,  survey  of,  180-181. 

Hopson,  L.  D.,  work  of,  35. 

Huerfano  River,  Colorado,  hydrographic  work  on, 
51. 

use  of,  in  irrigation,  213. 

Hydrographic  basins,  how  determined,  215-216. 
Hydrographic  survey,  uses  of,  226-227, 229. 
cost  and  value  of  ,  280. 
work  of,  284-285. 

Hydrography  of  the  drainage  basins,  34-92. 

I. 

Idaho  Canal  Company,  work  of,  194. 

Idaho,  irrigation  problem  in,  238, 239. 

laws  relating  to  water  rights  in,  241-242. 
topographic  work  in,  303-304. 
area  of  forests  in,  304. 
irrigable  lands  in,  304. 
reservoir  sites  in,  304. 


Independence  Creek,  California,  course  of,  174. 
Independence  Lake  reservoir,  174-175, 181. 

India,  irrigation  system  of,  238. 

use  of  “tanks”  for  storage  of  stormwaters 
in,  276. 

Irrigable  lands,  area  of,  203-204, 205, 250-251. 
California-Nevada  district,  298. 

Colorado,  302-303. 

Idaho,  304. 

Montana,  306. 

New  Mexico,  308. 

Irrigation,  season  for  in  Snake  River  basin,  82. 
season  for,  in  Weiser  River  Valley,  91. 
problems  of,  in  Far  West,  210. 
development  of,  industries  by,  233-234. 
difficulties  of,  233-235. 
methods  of  controlling,  237-238. 
general  statement  of  problems,  240. 
laws  relating  to  control  of,  240-250. 
value  of,  in  agriculture,  251-252, 259-260. 
laws  required  to  regulate,  252-257. 
difficulties  of  problem,  252-254. 
use  of  artesian  wells  in,  263-266. 
in  Algeria  by  artesian  wells,  265-266. 
use  of  pump  wells  in,  276-278. 

Irrigation  districts,  necessity  for,  256-257. 
Irrigation  survey,  appropriation  for,  278. 
plan  of,  278-287, 283-284. 
estimate  of  cost,  283. 
act  authorizing,  283-284. 
outcome  of,  286-287. 

organization  of  topograpnic  branch  of,  293- 
294. 

character  of  field  work  of,  310-311. 

Irrigators,  rights  of,  to  water,  222. 

Irving, R.  P.,  work  of,  35. 

J. 

Jackson’s  Lake,  Wyoming,  reservoir  site,  190, 191. 
Jefferson  River,  hydrography,  40-41. 

Jefferson  Valley,  Montana,  storage  sites  in,  118. 
Jemez  River  district,  New  Mexico,  hydrography 
of,  219, 224-225. 

Joe  Grey  Creek,  California,  discharge  of,  65. 
Johnson,  S.  P.,  work  of,  293, 299. 

Johnson,  W.  D. ,  work  of,  293, 299. 

Jordan  River,  Utah,  irrigation  from,  73-74, 86. 
Jornada  del  Muerto  mesa,  New  Mexico,"  descrip¬ 
tion  of,  148. 

Judith  River,  Montana,  hydrography,  116-117  . 
Juniper  Creek,  California,  discharge  of,  65. 

K. 

Kanab  River  district,  Arizona,  topography  of,  231. 
Kansas,  wet-weather  streams  in,  213. 

artesian  wells  in,  266, 271. 

Kendall,  L.  B.,  work  of, 299. 

Kennedy’s  Lake,  California,  reservoir  site  on,  158- 
159, 168. 

Kennedy’s  Meadows,  California,  reservoir  site  on, 
158-167. 

Kern  River,  California,  use  of,  for  irrigation,  235- 
236. 

Kerr,  M.  B. ,  abstract  of  disbursements  by,  313-314. 

L. 

Lahontan  division,  work  of,  168-183. 

Lahontan  system,  reservoir  sites  in,  181-183. 
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Lake  Creek,  Colorado,  hydrography  of,  135. 

Lake  Creek,  Montana,  use  of  water  of,  135. 

Lake  Constance,  Texas,  proposed  reservoir 
named,  145. 

Lake  Eleanor,  California,  reservoir  site  on,  157- 
158, 167. 

Lake  Fork  of  Arkansas  River,  discharge  of 
(table),  47, 96. 
reservoir  site  on,  133. 

Lake  Tahoe,  discharge  of,  64. 
description  of,  169, 296. 
outlet  dam  at,  170. 

Lake  Tahoe  basin,  topography  of,  296. 

Lake  Tenaiya,  California,  reservoir  site,  157, 165- 
166. 

Lane,  ffm.  B. ,  work  of,  35. 

Las  Animas  River,  Colorado,  use  of,  in  irrigation, 
214. 

Leadville,  Colorado,  rainfall  at,  136. 
reservoir  site,  141. 

Lippincott,  J.  B.,  work  of,  293, 306. 

Little  Truckee  River,  discharge  near  Boca,  Cali¬ 
fornia  (table),  101. 
course  of,  175. 

Little  Yosemite,  reservoir  site  in;  157, 164-165. 

Long  Valley  canal  lines  in,  survey  of,  178-179. 
reservoir  site,  177-178, 182-183. 
supply-canal  line,  179-180. 

Lower  Truckee  River,  reservoir  on,  175-176. 
lines  on,  survey  of,  176-177. 

Lost-stream  districts,  definition  of,  215. 

M. 

McChesney,  J.  D.,  abstract  of  disbursements  by, 
313, 325, 333, 334, 335, 337, 339, 341 . 

McKee,  R.  H. ,  work  of,  293, 295. 

McKinney,  R.  C.,  work  of,  293,299. 

Madison  River,  Montana, hydrography  of,  39-40, 41 . 
discharge  of  (table),  94. 

Montana,  irrigation  from,  118. 

Malheur  River,  Oregon,  hydrography  of,  87-88. 
irrigation  from,  88. 
discharge  at  Vale,  Oregon  (table),  106 

Markleeville  atlas  sheet,  features  of,  296-297. 

Marshall,  R.  B.,  work  of,  293, 299. 

Martis  Creek,  California,  discharge  of,  65. 

Mason  City,  West  Virginia,  artesian  wells  in,  263. 

Measurement  of  streams,  methods  of,  5-22. 

Measurement  of  water  supply,  units  of,  2-5. 

Mesas  in  New  Mexico,  irrigability  of,  148-149. 

Mesilla  Valley,  New  Mexico,  water  needed  in,  146. 
hydrography  of,  220-221. 
irrigation  in,  225. 

Meters  for  stream  measurement,  descriptions  and 
figures,  6-10. 
method  of  rating,  11-14. 
method  of  using,  from  suspended  car,  16-18. 

Middle  Fork  Cottonwood,  Colorado,  table  showing 
discharge  of,  96. 

Middle  Beaver  Creek,  Colorado,  reservoir  sites  on, 
134. 

Mills,  Maj.  Anson,  work  of,  35. 

Mills,  F.  J.,  work  of,  190,192,199. 

Miner’s  inch  defined,  3-4. 

Minnesota,  artesian  wells  in,  267-268. 

Minnidoka  Ferry,  Idaho,  canals  near,  192, 197, 198. 

Missouri,  topographic  survey  in,  285-286. 


Missouri  River,  hydrography,  41-43. 

discharge  at  Craig,  Montana  (table),  94. 
discharge  at  Canyon  Ferry,  Montana  (table) 
94. 

work  on,  114-115. 

use  of  water  of,  in  irrigation,  277. 

Missouri  River  basin  (upper),  hydrography,  38^11. 
stream  gaugings  in  (table),  107. 

Missouri  River  Valley,  irrigable  land  in,  114. 
amount  of  water  in,  115. 

Montana,  character  of  soil  in,  119. 

water  available  for  irrigation  in,  119-120. 

construction  of  tanks  in,  120. 

reservoir  system  in,  127-133. 

law  relating  to  irrigation  in,  241. 

topography  of,  305. 

topographic  work  in,  £05-306. 

area  of  forests  in,  305-306. 

irrigable  lands  in,  306. 

reservoir  sites  in,  306. 

Montana  division,  engineering  work  of,  113-133. 

Monument  Creek,  Colorado,  reservoir  sites  on, 
134,144. 

Mountain  Home,  Idaho,  proposed  irrigation  near, 
192. 

Musselshell  Valley.  Montana,  irrigable  land  in,  117. 

N. 

Nebraska,  artesian  wells  in,  270. 

Nettleton,  E.  S.,  work  of,  133. 

Nevada,  problems  of  irrigation  in,  235. 

Nevada  Ditch,  Malheur  River,  Oregon,  irrigation 
from,  88. 

Newell,  F.  H.,  work  of,  35. 

New  Mexico,  reservoir  sites  in,  145-150. 
land  claims  in,  220. 

determinations  of  longitude  in,  306-307. 
topographic  work  in,  306-308. 
reservoir  sites  in,  308. 
forests  in,  308. 
irrigable  lands  in,  308. 

North  Dakota.  See  Dakota. 

North  Fork  of  Snake  River,  hydrography,  78-79. 

New  South  Wales,  use  of  tanks  in,  276. 

O. 

Oak  Creek,  Colorado,  reservoir  sites  on,  134. 

Office  work,  312. 

Ogden  River,  discharge  at  Powder  Mills,  Utah 
(table),  103. 

Ohio,  artesian  water  in,  263. 

Oil,  or  Four  Mile  Creek,  Colorado,  reservoir  sites 
on,  134. 

Owyhee  River,  hydrography,  85-86. 

discharge  at  Riggsby, Oregon  (table),  106. 

P. 

Pasturage  in  non-irrigable  region,  211-212. 

Perkins,  E.  T. ,  jr.,  work  of,  293, 303. 

Phoenix,  Arizona,  irrigation  near,  234. 

Pierce,  Josiah,  work  of,  150. 

Pocatello  Canal,  survey  of,  191, 194. 

Pomeroy,  Ohio,  artesian  wells  in, 263. 

Portneuf  River,  Idaho,  hydrography,  82. 
canal  from,  196. 

Post,  W .  S.,  work  of,  293, 299. 
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Powell,  J.  \V.,  testimony  before  committee  cn  ir¬ 
rigation  of  arid  lands,  203-289. 
precipitation,  measurement  of,  23. 

Pring,  Colorado,  reservoir  site,  144. 

Pritchett,  H.  S.,  work  of,  303, 306, 307. 

Prosser  Creek,  discharge  near  Boca,  California 
(table),  101. 

Provo  River,  discharge  near  Provo,  Utah  (table). 
104. 

Provo  River  Valley,  Utah,  irrigation  in,  72. 

Puerco  River  district,  New  Mexico,  hydrography 
of,  225. 

Pump  wells,  use  of,  in  irrigation,  276-278. 
Purgatoire  River,  Colorado,  hydrographic  work 
on,  51. 

discharge  at  Las  Animas,  Colorado  (table),  98. 

Q. 

Questa  mesa,  New  Mexico,  description  of,  149 
Quinby,  George  T.,  work  of,  35. 

R. 

Rainfall,  measurement  of,  23. 

relation  of  river  discharge  to,  23-25. 
in  arid  region,  205, 214, 251. 
method  of  estimating  in  catchment  basin,  281. 
Rating  curve,  20-22. 

Rating  of  river  stations,  19-22. 

Rating  the  current  meter,  method  of,  11-14. 
Rating  table.  20-22. 

Red  River  basin,  Dakota,  artesian  waters  in,  257. 
Red  River  Valley,  artesian  wells  in,  267-268. 

Red  Rock  Valley,  Montana,  storage  sites  in,  118. 
Red  Rock  River,  discharge  of  (table),  94. 

Reservoir  sites,  Montana,  127-133, 306. 

Colorado,  133-144, 301-302. 

New  Mexico,  145-150, 308. 

California,  150-168. 

Utah,  183-189. 

Snake  River,  190. 
plan  of  locating,  279. 

California  and  Nevada,  297-298. 
number  and  locality  of,  310. 

Idaho,  304. 

Rio  Grande,  discharge  of,  53-55. 

measurement  of  sediment  discharged  by, 
55-57. 

discharge  above  El  Paso,  Texas  (table),  99. 
discharge  above  Del  Norte,  Colorado  (table), 
98. 

use  of,  for  irrigation,  218. 
area  drained  by,  222-223. 
hydrography,  52-58,  215,  227. 

Rio  Grande  basin,  stream  gaugings  in  (table),  107. 
Rio  Grande  division,  wdrk  of,  145-150. 

Rio  Grande  Valley,  rainfall  in,  219. 

needs  for  irrigation  in,  226. 

Rio  Virgen  basin,  hydrography  of,  231. 

Rio  Puerco  basin,  New  Mexico,  219-220. 

Rist,  W.,  work  of,  134. 

River  discharge  and  rainfall,  relations  of,  23-25. 
River  height,  diurnal  variation  in,  18-19. 

River  stations  for  stream  measurements,  location 
and  equipment  of,  14-18. 

Riverside,  Colorado,  irrigation  rights  in,  237. 

River  trunk  districts,  definition  of,  215. 


Rizer,  H.  C.,  abstract  of  disbursements  by,  319- 
324,  330-332,  333,  335,  337,  339,  341,  343. 
Robertson,  Robert,  work  of,  35. 

Rockford,  Illinois,  artesian  water  in,  262-263. 
Rockwood,  G.  C.,  work  of,  150,  152. 

Rogers,  J.  B.,  work  of,  113. 

Ross  Fork  of  Judith  River,  Montana,  possible  irri¬ 
gation  from,  116,  117. 

Ruby  Valley,  Montana,  storage  sites  in,  118. 
Run-off,  relation  of  rainfall  to,  25-30. 

Russell,  Thomas,  formula  constructed  by,  for 
determining  river  rise  from  rainfall,  24-25. 

S. 

Salmon  Falls,  Idaho,  canal  near.  192. 

St.  Charles  River,  Colorado,  use  of,  in  irrigation, 
213. 

Salt  Creek,  Utah,  hydrography,  71. 

Salt  Lake  basin,  hydrography,  66-77. 
basin,  stream  gaugings  in  (table),  109. 
agriculture  in,  232-233. 

Salt  River,  Arizona,  hydrography,  61-63. 
tables  showing  discharge  of,  62. 
irrigation  from,  62-63. 

discharge  50  miles  above  Phoenix,  Arizona 
(table),  100. 

discharge  at  Arizona  dam,  Arizona  (table), 
100. 

topography  of,  227-228. 

San  Augustin  plains,  New  Mexico,  description 
of,  149. 

Sand  Coulee  Creek,  Montana,  reservoir  sites  on, 
116. 

Sand  reservoirs,  definition  of  term,  204. 

San  Ildefonso  Valley  district,  New  Mexico,  hy¬ 
drography  of,  217,  223. 

San  Luis  Park,  Colorado,  described,  216-217. 

San  Luis  Valley,  Colorado,  capacity  of  canals  in, 
146. 

San  Pedro  River,  Arizona,  hydrography,  59-61. 

discharge  at  Dudleyville,  Arizona  (table),  99. 
Santa  Cruz  River,  Arizona,  hydrography  of,  60. 
Santa  F6  Creek,  value  for  storage,  224. 

Santa  F6  Mesa,  New  Mexico,  description  of,  149. 
Santa  F0  Mountains,  features  of,  307. 

Santa  Fe  Valley  basin,  219. 

Second-foot  defined,  3. 

Sediment  in  Rio  Grande  River,  measurements  of, 
55-57. 

Segregation  of  lands,  act  authorizing,  287-289. 
Saguache  River,  Colorado,  valley  district  defined, 
216. 

Saguache  River  district,  hydrography  of,  223. 
Seven  Lakes  Creek,  Colorado,  reservoir  sites  on, 
134. 

Sevier  Desert,  Utah,  irrigationin.76. 

Sevier  River,  hydrography,  74  -77. 

discharge  near  Leamington,  Utah  (table),  105. 
basin,  hydrography  of,  232. 

Shortt,  L.  H. ,  work  of,  168. 

Sierra  Nevada  Range,  topography  of,  295-296, 297. 
Silt  in  Rio  Grande,  measurements  of,  55-57. 

Silver  Creek,  Idaho,  hydrography,  83, 84 . 

Six  Mile  Creek,  Colorado,  reservoir  sites  on,  134. 
Slate  Creek,  Colorado,  reservoir  sites  on,  134. 
Smith,  F.  M. ,  work  of,  35. 

Smith  River  basin,  Montana,  reservoir  sites  on,  117. 
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Snake  River,  hydrography,  80-83. 

discharge  of  North  Fork  of  (table),  105. 
discharge  of  at  Eagle  Rock,  Idaho  (table),  106. 
water  supply  of,  199. 

Snake  River  basin,  hydrography,  77-92. 
stream  gaugings  in  (table),  110. 

Snake  River  division,  work  of,  190-200. 

Snake  River  Valley,  description  of,  192-193. 
canal  surveys  in,  194-200. 
hydrography  of,  239. 

South  Dakota  (see  Dakota). 

South  Fork  of  Snake  River,  hydrography,  79-83. 
table  showing  discharge  of  canals  taken  from, 
80. 

reservoir  sites  on,  190. 

South  Minnidoka  Canal,  Idaho,  line  of,  198. 

Spanish  Fork.  Utah,  discharge  of  (table),  104. 

Spanish  law  for  controlling  water  lights,  237. 

Springmeyer,  reservoir  site,  182-183. 

Springmeyer's  Valley,  survey  of,  178. 

Stanislaus  River,  California,  canyon  of,  156. 

Starrh’s  Ferry,  Idaho,  irrigable  land  near,  198. 

State  and  Territorial  conflicts  in  relation  to  irriga¬ 
tion  problems,  252-254. 

Stations  for  stream  measurements,  location,  and 
equipment  of,  14-18. 

Storm  waters,  definition  of  term,  204, 205. 

Stream  measurements,  methods  of,  5-22. 

Stream  waters,  definition  of  term,  204. 

Sugar  Loaf,  Colorado,  reservoir  site,  142-143. 

Sun  River,  Montana,  hydrography,  43. 

discharge  above  Augusta,  Montana  (table),  94. 

work  on,  115-116, 123-125. 

reservoir  sites  on,  115-116, 123-125. 

reservoir  system  of,  127-133. 

basin,  value  of  land  in,  121. 

work  in,  113-114,  120-123. 

canal  lines  in,  125-127. 

Swan  Valley,  Idaho,  reservoir  site,  190, 190-191. 

Syracuse,  Kans.,  irrigable  land  near,  134. 

T. 

Tahoe  Lake  outlet,  survey  of  dam  at,  170-172. 

Tahoe  Tunnel,  survey  of,  169-170. 

Tanks,  use  of,  in  storing  irrigation  waters,  276. 

Taos  River,  New  Mexico,  topography  of,  217. 

Taos  River  district,  hydrography  of,  223-224. 

Taos  Valley  Ditch  Company,  work  of,  149-150. 

Tarr,  R.  S.,  work  of,  113. 

Tennessee  Fork  of  Arkansas  River,  discharge  of 
(table),  47, 96. 

Tennessee  Park,  Colorado,  reservoir  site,  143. 

Tertiary  coal  in  arid  region,  208-209. 

Teton  River,  Idaho,  discharge  of,  105. 

Teton  River  basin,  Idaho,  hydrography  of,  78,79. 

Teton  River  basin,  Montana,  work  in,  113-114. 

Texas,  artesian  wells  in,  272. 

Thompson,  A.  H.,  report  of,  291-343. 

Timber,  use  and  destruction  of,  207-208 

Toledo,  Ohio,  artesian  wells  in,  263. 

Topographic  branch  of  irrigation  survey,  organi¬ 
zation  of,  293-294. 

Topographic  survey,  necessity  for,  226-227, 279. 
cost  of,  282. 
extent  of,  282-283,  284. 

Topographic  work,  293-312. 
in  Colorado,  299-303. 


Topographic  work  in  Idaho,  303-304. 

,  in  Montana,  305-396. 
in  New  Mexico,  306-308. 

Tres  Piedras  Mesa,  New  Mexico,  description  of, 
149. 

Trowbridge,  W.  P.,  work  of,  35. 

Truckee  basin,  stream  gaugings  in  (table),  108. 

Truckee  and  Carson  hasins,  hydrography,  63-66. 

Truckee  Canal  line,  description  of,  172-173. 

Truckee  River,  table  showing  discharge  of,  65, 

101,102. 

proposed  dam  on,  171. 
reservoir  site  on,  172. 
topography  of,  296. 

Tuolumne  Meadows,  California,  reservoir  site  on, 
157, 166. 

Tweedy,  Frank,  work  of,  293, 305. 

Twelve  Mile  desert,  irrigation  of,  179. 

Twin  Lake  Creek,  Montana,  discharge  of  (table), 47. 
table  showing  discharge  of,  96. 

Twin  Lakes,  Colorado,  survey  of,  135, 136. 
estimated  rainfall  in  basin  of,  137. 
reservoir,  area  of,  139-140. 
reservoir,  estimated  capacity  of,  137. 

U. 

Upper  Missouri  basin,  Montana,  3S-41. 

Upper  Sun  River  basin,  Montana,  work  in,  113. 

Utah,  work  in,  183-189. 
agriculture  in,  232. 
hydrography  of,  232-233. 

Utah  Lake,  drainage  system  of,  hydrograpy,  70-74. 
survey  of,  183-184. 
reservoir  system  of,  184-189. 
value  of,  in  irrigation,  232-233. 

V. 

Variation  in  river  height,  diurnal,  18-19. 

Vegas  Mountains,  New  Mexico,  features  of,  308. 

Verde  River,  Arizona,  hydrography,  61,227-228. 
discharge  of  (tables),  62, 100. 

Verrill,  G.  H.,  work  of,  293,295. 

Vincent,  E.  T.,  work  of,  133. 

W. 

Wadsworth,  Nevada,  dam  near,  175-176. 

Wagoner.  Luther,  work  of,  150, 154-155. 

Walker  River,  Nevada,  irrigable  lands  on,  298. 

Warman,  P.  C.,  abstract  of  disbursements  by,  314. 

Washington,  law  relating  to  irrigation  in,  241. 

Water,  duty  of,  in  irrigation,  114. 

Water  measurement,  plan  of,  279-280. 

Water  rights,  212-213, 252-254, 254-256. 

Water  storage  near  Canyon  City,  Colorado,  211. 

Water  supply,  units  of  measurements  of ,  2-5. 

Webber  Lake,  California,  reservoir,  175, 181-182. 

Weber  River,  discharge  at  Devil  Gate,  Utah, 
(table),  103. 

Weir  measurement  of  stream  discharge,  5. 

Weiser  River,  Idaho,  hydrography,  89-92. 
discharge  of  (table),  106. 

West  Carson  canal  line,  survey  of,  180. 

West  Carson  River,  discharge  at  Woodfords,  Cali¬ 
fornia  (table),  102. 
survey  of,  179. 

West  Gallatin  River,  Montana,  discharge  of  (table), 
93. 
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West  Oil  Creek,  Colorado,  reservoir  sites  on,  134. 
West  Virginia,  artesian  wells  in,  263. 

White  Rock  Canyon,  description  of,  217, 218, 224. 
Wiley,  A.  W.,  work  of,  190, 192. 

Williams,  J.  B.,  work  of,  35. 

Williams  County,  Ohio,  artesian  well  in,  263. 
Willow  Creek,  Montana,  possible  irrigation  from, 
116. 

reservoir  sites  on,  124. 

Wilson,  H.  M.,  work  of,  113. 

Wilson  Creek,  Colorado,  reservoir  sites  on,  134. 
Wolf  Creek,  Montana,  storage  facilities  on,  1 16. 
Wood  River,  Idaho,  hydrography,  83-85. 
discharge  at  Hailey,  Idaho  (table),  106. 


Woodward,  R.  S. ,  work  of,  303, 304, 306, 307. 
Wright  irrigation  bill  in  California,  236, 242-250. 
Wyoming,  agricultural  products  of,  230. 
laws  relating  to  irrigation  in,  241. 

Y. 

Yellowstone  basin,  hydrography  of,  36-38. 

stream  gaugings  in  (table),  107. 
Yellowstone  Lake,  discharge  of,  36. 
Yellowstone  River,  discharge  of  (table),  38, 93. 
hydrography,  117-118. 
topography  of,  305. 

Yosemite  grant,  reservoir  site  in,  165. 

Ysleta  Valley,  Texas,  need  of  water  in,  146. 


